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STAALIA'S DYNAMIC. = 
APECTRONICS MAGAZINE = 


SERVICING - VINTAGE RADIO - COMPUTERS - SATELLITE TV - PROJECTS TO BUILD 


It fast charges NiCd & NiMH power too! 


Multi-Purpose batteries & can charge БУ 8 12V SLA 
packs & lead-acid batteries as well 


Battery Charger 


: Telephone Exchange Simulator 
Building The 4-Channel Light Show Plus all our regular columns 


For INI 


EW 
И PRODUCTS 


ACTIVE SUBWOOFER AMPLIFIER MODULE 


Our new Active Subwoofer ы і 
ram Al 


Amp Module will deliver < 
150W RMS into 40 and | POWERED NO 


100W RMS into 80. Its the EXTERNAL DC 

easy way to add a 

subwoofer to your existing 

stereo/ home theatre Hi Fi 

system. This unit is designed у. 9 | NO 

to fit into the back of most | | FUL im A KIT 
subwoofer cabinets. A z і | | UILT! 
simple 190 x 240mm cutout 

is required. Hardly any 


internal volume is lost. ї | 
ptm NEW 
GAS SOLDERING IRONS CATALOGUE: ж 
[EJ UE RANTLE 00 е 
5 IN 1 GAS SOLDERING 
ona on TIN MARCH 


GAS TORCH & DON'T MISS OUT! 


SOLDERING IRON 


Jaycar 


ELECTRONICS 


і Piezo Micro Torch 
\ e Self 


\ igniting — — 

PEE $34.95 3 
metal construction \ d бүл уы БЕ ү 
soldering tool. It 1 д fl і 
runs on Butane gas, therefore LAT This kit cones RU 
needs no cords or mains power, = *soldering tool wit а 
and can be used anywhere. metal body Soldering head and * Cordless 
Adjustable 10 to 60 watts and catalyst •5 soldering tips: conical, • 1500°C 
uses standard Butane cigarette 2.5mm diagonal, 3.5mm diagonal, Е 
lighter gas. Supplied with a 3.5mm chisel, 7mm chisel «Репсії flame Powered 
кате нр for welding, shrinking head, hot knife head, hot blower head, Cat eee 
heatshrink tubing etc and a flat flame head «Solder sponge "Тибе 
solder head! Cat. TS-1685 of solder •Саѕе to hold everything 

Cat. TS-1690 
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MAIL ORDER FREE POST ТО: Reply Paid 72. Jaycar Mail Orders. PO Box 185 Concord NSW 2137 


1 M FREE САЦ FOR ORDERS: 1800022888 *ENQUIRY HOTLINE: (02) 9743 6144 FAX: (02) 9743 2066 c 


\> 
IC е 
ELECTRONICS EMAIL ORDERS: mailorders@jaycar.com.au R 
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PUBLISHER'S LETTER 
Deflation has been SI 
with us for a long time Lw 

Anyone who has tried to follow the 
news of Asia and Australia's currency 
decline in the last few months must be 
confused. And worried! Afterall,some — 
notable economists are now using the ~ | à 
dreaded “D” word; D stands for defla- жь 
tion. It seems that inflation is no longer I | 
a Worry and deflation is to be feared. hb я 
Apparently, а little inflation із good f 
for all of us but deflation could be ame 
really bad. анар, „ай ET 

Well, I have to say it. Most of these 
economists are talking rubbish. They just don't know what is going to 
happen, any more than the ordinary person in the street. But I can also state 
that deflation has been around fora long time and we have been living with 
it very happily and we expect it to happen in the future! How can I say that? 

Deflation is defined as “an abnormal decline in the level of commodity 
prices, especially one that is not accompanied by an equal reduction in the 
Costs of production". This is exactly the deflation that some economists are 
worried about. As Asian countries struggle to export their way out of 
trouble, they will supposedly flood Western markets with cheap goods and 
so Western economies will suffer. Well, hasn't Asia been doing this all 
along? 

Over the last 40 years or so, we have seen the prices of virtually all 
manufactured goods plummet in real terms and this applies especially to 
electronic equipment of every description. The price drops have been 
brought about because ofthe two relentless forces of increasing competition 
and the march of technology. There is no reason to suppose that this will not 
continue at an ever increasing rate, regardless of what happens in Asia. At 
the same time, we can expect the prices that Australia obtains for its 
commodities (minerals, wool, wheat, etc) to decline as well. Nothing new 
here. 

Asan aside, the fact that Asia is in trouble now indicates that the calls for 
Australia to get heavily into “high technology" manufacturing would have 
been to no avail. Asia has done just that and look where it is. Yes, yes, I know 
that I am ignoring such things as defective Asian banking systems, corrup- 
tion, artificially low interest rates, etc. All these are peripheral issues. The 
real reason that Asia is in trouble is that it has excessive production capacity 
for virtually everything and all those high-tech factories eventually have to 
be paid for. 

However, there has to be some silver lining to all the dark clouds, hasn't 
there?-If the economists are correct and Asia is to export its way out of 
trouble, it has to buy raw materials from somewhere and that is most likely 
to be Australia. So why is our currency on the decline? 

The pointis that no-one really knows. The most common phrase you hear 
in economic news is "market sentiment" and that means that not much logic 
is being brought to bear. 

My tip. and it is as good as anyone else's, is that Australia's currency will 
rebound. Perhaps it will do so even before this issue hits the news stands. 
But whatever happens, you can bet on electronic equipment continuing to 
get cheaper in real terms. So will most other mass-produced commodities. 
Everything else is in the lap of the gods. 


Leo Simpson 
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Surplus Electronic Component Resellers 


3.6V NI-CAD BATTERY PACK 


З6Р CENTRONICS PLUG — | 


* Current: 270mAH 
* 3 x 2/3AA Cells 
* With leads 


30mm 
E 


$2.00ea 
stock SA100 


16 x 2 LINES LCD MODULE 


* WITH LED BACKLIGHTING 


* Model: PVC160202 
< Model size: ВОМ) x 38(H) x 13.8) mm. 
* Character pitch: 3.65(W) x 5.45(H)mm 
* Input voltage: 5V 
* Dot pitch: 0.6(H) x 0.6(W)mm 
* Supply current: 1.5mA. 
* Colour: Yellow/Green 
* Operating temp.: 23 Deg.C (typical) 
50 Deg.C (max) 
* DATA SHEET AVAILABLE 


М 


15-CHARACTER * 
DISPLAY 


2-LINE 


* Soldertype 
“маа слег ейн 
$1.00ea ` ET 


stock# SA117 


0.1uF MONOLYTHIC CAP | 


stock? $4123 | 
$0.05еа 


RT CAPACITORS 


* Low profile 
«ої 


$А127 2200uF 35V 30x 13mm $0.50еа 
SA129 47uF 160V 30х15тт $0.20еа 


12uF 50V BIPOLAR CAPACITOR 


* ELGEN 
7 Size: 15 x 30mm 


ЕЕ 


stock# SA101 


$10.00ca stock# 54124 | $O0.50ca stock# SA102 
[STANDARD DUAL WIPE IC SOCKETS] 
330uF 350V ELECTRO. CAP * All tin plated phoshor bronze =) 
f 
* Snap-in type SA108 16P | $0.07ea T 
* Size: 30 x 35mm $А109 18Р $0.08ea 7 
SA110 22P $0.10ea 
SAl11 24Р $0.12ca 
SA112 28Р 90.15еа 
$А113 Р — $0.30ca 
дивани ев. $4114 40P — 80.25еа 


25 TURN TRIMPOTS 


* Top adjust 6 


$0.50ea 


SA118 200R 
SA119 5k 
SA120 50k 


EMAIL: sales@vorlac.com.au 


MACHINED IC SOCKETS 
* Gold insert low profile. I 


* High quality machined pins 


SA103 16Р $0.20ca 
SA104 24Р 03) $0.25еа 
$А105 24Р 05) $0.50еа 
SA106 40P $0.55еа 


For a free 


CATALOGUE 


Please call, Write,Fax 
or E-mail 


[РСС sockers | SOCKET: 


54115 68Р $0.50еа 
SA116 84Р $0.80ca 


DIP SWITCHES 


$А121 4 Way $0.30ea 
SA122 8 Way $0.40еа 


> 


BNC PANEL MOUNT SOCKET 
б» 


| stock# SA125 
$0.50ca 


* Tubular key 
* Function: On-Off 

* Type: SPST 

* Hole size: 12mm 

* Overall size: 30mm. 


$1.00ca 


stock# SA127 


* 10mm “o 
$0.30ea stock# SA126 

$A130 4СК5 $0.50 

$А131 бЕН7 $0.80 

sa132 6EJ7 $0.40 

$А133 6GS7 $0.50 

INTERGRATED CIRCUITS 

21С256-2 CMOS 32K x 8 eprom 2.00 
1M2904 Low power dual op-amp (SMD) 0.30 
MAX23 Dual EIA 232 driver, reciever (DIP) 1.80 
ULN2004 High-Volt./High-Current. Array (DIP) 0.60 


[TRANSISTORS/FETS 


2N7000 MOS-N-FET 60V 0.2A 0.4WTO-92 0.20 
BUZ42 MOS-N-fET 500V ДА 75WTO-220 0.90 
IRF540 MOS-N-FET 100V 28А 150WTO-220 1.90 


INTERNET SITE: http://www.vorlac.com 


MJE1300 Trans, NPN 400V 4A 60W TO-220 0.50 


VORLAC INDUSTRIES s 


261 Huntingdale Road HUNTINGDALE VIC AUSTRALIA 3166 
P.O Box 142 HUNTINGDALE VIC AUSTRALIA 3166 hi 
Ph 61 03 9548 9229 Fax. 61 03 9562 8772 


‘All components are new and in original packaging 


http://www.rocom.com.au 


ЕЕ OUR OTHER WEB SITES 


ttp://www.rockby.com.au 


* stock is subject to prior sale 


If you love searching out obscure 
arts at the cheapest prices, try 
uying surplus and distress stock 

components! You'll find lots of 

goodies at various web sites on 
the Internet. 


One of the best things about being interested in electron- 
ics and other technologies is finding the bargains — those 
bits and pieces that others see as junk but which to you 
open up a whole new world of possibilities. But besides 
haunting garage sales and secondhand stores, where else 
can you find the good gear? 


© ROCOM Electro 
| Be рш yew | 
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By ADRIAN CUESTA 


The are lots of companies specialising in the good bits, 
both in Australia and overseas. And while buying from 
overseas used to be difficult, that's no longer the case. 
What's more, you can easily browse the catalogs of the 
overseas companies via the Internet. Most of the o/s 
companies also have printed catalogs available that can be 
sent to you for quite reasonable sums. 

In no particular order, here are the best surplus compa- 
nies that I've found on the Internet: 


(1) Vorlac Industries & Rockby Electronics 


If you don't know about these guys, boy are you ever 
missing out! Both businesses are at the same location and 
have the same contact numbers, but Vorlac specialises 
more in discrete electronic components while Rockby has 
larger bits and pieces. 

A couple of things make these companies stand out 
from the crowd: they're right here in Australia, they have 
a good range, and they are CHEAP, CHEAP, CHEAP! OK, 
so that's three things. 

Once you are on their mailing list, they send out a 
specials flyer every couple of months. In it are compo- 
nents such as PROMs, op amps, power transistors, diodes, 
capacitors, resistors and the like. The stock changes each 
time and it's all brand new, original packaged stuff. 

But what I like is the range of weird and wonderful 
parts that pop up — odd-sized cable ties, square rubber 
equipment feet, crocodile-clip test jumper leads, mag- 
netic card readers, a laser diode module and so on. 

Postage costs $7 for up to 3kg ($5.50 within Victoria). 
The easiest way to reduce that is to pitch in with some 
mates and put everyone's order under the one address. 
I've been buying from these companies for 12 months and 
everything has been as good as they state. It's the only 


place where you can spend $30 or so and get a box of 
genuinely exciting stuff home-delivered to your door. 
Very highly recommended. 
Address: 261 Huntingdale Rd, Huntingdale, Vic, 3166. 
Phone: (03) 9562 8559 Fax: (03) 9562 8772 
Internet: http://www.rocom.com.au; http://www.vorlac.com.au 


(2) Surplus Sales of Nebraska 


Doesn't that name just roll off the tongue? And their 
catalog just about rolls the postman's bike to a standstill! 
Costing $US10 delivered by airmail to Australia, their 
400-page catalog is well worth the money. It lists an 
enormous range of electrical and electronic components 
butit's not your everyday 1990s type stuff. No sir; if you're 
over 50 and/or you like vintage radio, this one's for you! 

There are literally hundreds of valves, huge RF variable 
capacitors (some 38cm long!), RF coils wound from 10- 
gauge silver-plated wire, and rotary ceramic switches 
capable of handling 15kV and 30 amps. In the range of 
power supplies there are ancient units capable of supply- 
ing (from the US 115 volts AC mains) 0-36 volts DC and 
50-300 volts DC. And there are vibrators working from 
either 6V or 27.5V DC. 

There are also strange meters, such as a 0-50A DC 
Westinghouse “nuclear meter" and an 87mm meter that is 
calibrated 0-180 seconds with a full scale deflection of 
30V DC. There are solenoids and connectors, relays and 
robots—a vast array of the weird and wonderful. The stock 
leans towards brand new equipment from the last 50 years 
but has a sprinkling of late-model equipment. 

Thirteen pages are devoted to Collins communications 
equipment parts and accessories. As far as I can deter- 
mine, these parts are not generally available from other 
sources. The prices seem to me to be on the high side but 


if you're after a brand new, never-used Collins 20-pole 

lever switch from an ancient receiver, $US25 may well 

seem cheap. 

1502 Jones Street, Omaha, Nebraska, 68102, USA. 

:0011 1 402 346 4750 Fax: 0011 1 402 346 2939 
Internet: www.surplusales.com 


(3) Surplus Traders 


This company has a huge catalog available on the 
Internet but, unlike other companies, generally has parts 
available only in bulk quantities. Three million comic 
books at three cents each is one deal that remember well! 

From this example, you can see that it's not just electronic 
components that this company sells. And thankfully, you 
don’t have to buy in such huge quantities! Often you need 
buy only 10 units, a number which can be quite achiev- 
able — especially if you have a few mates interested in the 
same sort of things that you are. 

The parts that pop up are incredibly varied — from 
Bosch automotive relays for a GM car (13,000 available at 
$US1.50 each in lots of 500) to a single used Blood Gas 
Analyser in good condition for $US1500. And there’s 
almost everything in between! 

Discovering whether or not Surplus Traders have (or 
will have) what you want is eased by a number of factors: 
(1) they have an inbuilt search engine at their web site; 
(2) the site is very well organised and indexed; and 
(3) you can add your e-mail address to an “interest list”. 

Doing the latter means that you will be automatically e- 
mailed details on the products that become available in 
those categories. And don’t worry that you will drown in 
e-mail - I added myself to more than 20 different catego- 
ries and receive notification of 5-10 new products about 
once a fortnight. 

The prices vary enormously, being cheapest for bulk 
specials. In fact, some of these are real eye-openers. Even 
with the price in US dollars, sometimes the money being 
asked is something like one-quarter of local retail. Me? — 
I'm waiting for some EFI injectors or automotive MAP 
sensors to come up. ГІЇ buy 500 of them and make a 
Killing! 

Address: PO Box 276, Alburg, VT, 05440, USA 
Phone: 0011 1 514 739 9328 Fax: 0011 1 514 345 8303 
Internet: http://www.73.com/a 
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OATLEY ELECTRONICS 


OUR PHONE & FAX NUMBERS HAVE CHANGED 
NEW RELEASES & PRODUCT HIGHLIGHTS 


LINKS TO OTHER SITES 


сели. TEIAS 2049 


(4) Oatley Electronics 


If you read their ads in this magazine, then you already 
have a pretty good idea of what Oatley Electronics sell. 
The real benefit of checking out their web site is that they 
also have a "Bargain Corner" where they list lots of com- 
ponents and products that are available only in small 
quantities — too small to advertise in the magazine. 

Atthe time of writing, "Bargain Corner" bits and pieces 
included 50 used 4.7nF 3kV ceramic disc capacitors for 
$9, 10 mini dynamic 8-ohm loudspeakers for $2, replace- 
ment fridge thermostats for $8 each, and 10 TAA611B 
audio amplifier 1 watt ICs for $15. 

As you can see, the prices are very competitive! 

Address: PO Box 89, Oatley, NSW 2223. 
Phone: 02 9584 3563 
Fax: 02 9584 3561 
Internet: http://www.ozemail.com.au/~oatley 


(5) American Science & Surplus 

This company is the ideal place to look if you're a 
school science teacher — or doting grandparent. While 
there are quite a few surplus products like fans, motors 
and other products (not too many components, though), 
the real strength of this company lies in their wide collec- 
tion of weird and wonderful toys and experiments that are 


mostly science-based. Prices seem quite good and the 
collection varies from feeder kits for squirrels to Peltier 
heat pumps. 
Address: 3605 W. Howard St, Skokie, IL, 60076, USA. 
Phone: 0011 1 847 982 0874 Fax: 0011 1 800 934 0722 
Internet: http://www.sciplus.com 


(6) Marlin P. Jones & Associates Inc 


Industrial, Commercial & 
Educational Electronics 


wand Вона 18 Conn...) СМ 


This company has a very well presented Web site with 
a wide range of kits, components and equipment. The kits 
range from computer trainer/programmer items through 
to audio gear, alarms, games and sound generators. The 
company is very much like one of the larger Australian 
electronic stores in the range and prices. MPJA will prob- 
ably have a full catalog on-line by the time you read this 
and should then be worth a close look. 

Phone: 0011 1 561 848 8236 Fax: 0011 1 561 844 8764 
Internet: http://www.mpja.com 


«Обі 2040 


(7) Gateway Electronics, Inc 


Gateway are well worth checking out. You'll find video 
cameras and monitors, Peltier junction coolers, LCD dis- 
play panels, lights, microphones, motion detectors and 
other such products. The subheadings on their contents 
page include amateur radio and small motors. 


E Sept - Oct AD - APC Internet Explorer. 
Бе Eat Уен Go Favortes belo 


Sounds like an H.P. Lovecraft 
novel, doesn't it? Well, this 
6--1/2" speaker is rated at 8 ohms, 
35 watts (40 peak watts), putting. 
ош a 40-10,000 Hz response with 
a 1" voice coil and a 20 oz magnet, 
so it will scream louder than any 
Mounts via (4) 3/16" x 
1/4" oval mounting holes on the 
rim, connects via (2) sets of quick 
disconnect terminals. Excellent 
quality in a no-name brand, and all 
at surplus prices. 
ITEMNAME. Speaker, 6-12" 
PRICE: $7.50/each 
STOCK NUMBER: 26146 EI 


The Speaker 
With No 


Name 
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LCD Display Panel 


A beautiful display panel that measures 7-3/4 X 3-3/4 inches viewable area. These 
panels were manufactured by Sharp. We have no documentation and don't know 
for what they were intended. There are two connectors on the board, labled Signal 
and Power. All the circuitry for systems power seem to be located on the board. 
The part number is $4779-60101113-001. Looks like all the driver and display 
circuits are on the board. Should make an interesting project. 

LCD DISPLAY PANEL ....... «$25.00 


They also have a section devoted to speciality multi-pin 
connectors — those dedicated multi-pin connectors that 
you find on car audio, CBs and ham equipment. They're 
often impossible to get through normal avenues but Gate- 
way has a wide range available. Prices are good. 

Address: 8123 Page Blvd, St Louis, MO 63130. 
Phone: 0011 1 314 427 6116 Fax: 0011 1 314 427 3147 
Internet: http://gatewayelex.com 


(8) Hi-Tech Surplus 

This company has very few single parts listed. Instead, 
they specialise in assemblies and sub-assemblies. 

For my money, the best products are the electro- 
mechanical interfaces. Anyone trying to get an electronic 
circuit or a computer to actually do something in the real 
world needs input sensors and output actuators. After all, 
how do you get your robot to do anything if there aren’t 
any motors, arms or bellcranks available? 

In the robotics/automation category, Hi-Tech Surplus 
list the following sub-headings: (1) Controllers; (2) Linear 
Equipment; (3) Miscellaneous; (4) Motors; (5) PLC Items; 
(6) Robots; and (7) Sensors. 


SELECT YOUR ROBOTICS/AUTOMATION SUB- 
CATEGORY 


|. Controllers 


|, Linear Bearings . AC Motors 
|, Linear Shafts . AC Motor Capacitors 
|. Linear Slides » Brushless DC Motors 


|. DC Motors 

і» Stepper Motors 

+ PLC Items 
боїв 

+ Sensors 


'rossed Roller Slides 
|. Leadscrews / Ballscrew: 
|. Mise 


Typical of Hi-Tech Surplus's products is a robot arm 
that has about 12mm of vertical movement, continuous 
rotation and a weight of 7.5kg. It costs 50555 in used 
form. Under the Controllers category, there are tempera- 
ture, pressure and flow controllers. An example is a “Blue 
M Electric STAT 1900" temperature controller that uses J, 
K or T thermocouples, has a 4-digit display and a time 
proportioning PID with an SSR (solid-state relay?) driver. 
It's new and costs $40. 

There is also a wide range of other subject headings 
(audio, video, manufacturing, RF, test equipment, power 
supplies and others) that lead you to the sub-category that 
you're interested in. 

A good range of motors and associated equipment is 
also listed, including: AC Motors; AC Motor Capacitors; 
Brushless DC Motors; DC Motors; Motor Controllers/Driv- 
ers; and Stepper Motors. The prices seem to be quite 
reasonable. 

Address: 605 East 44th Street, Boise, Idaho, 83714, USA. 

Phone: 0011 1 208 375 7516; Fax: 0011 1 208 375 6571 

Internet: http://hitechsurplus.com 


Protect Your Valuable Issues 


Silicon Chip 
Binders 


ж Hold up to 14 issues (12 issues plus 
catalogs) 


* 80mm internal width. 


* SILICON CHIP logo printed in gold- 
coloured lettering on the spine & cover. 
Just fill in & mail this handy order form; or fax (02) 


9979 6503; or ring (02) 9979 5644 & quote your 
credit card number. 


Uu — uu — m e — шш e — e e i = 
Yes! Please send me SILICON CHIP binder(s) 
at $A17.95 each (incl. postage). Australia only; not 
available elsewhere. Enclosed is my cheque/money 
order for $. or please debit my 


à Bankcard OVisaCard Master Card 


Card No. =I 11 | | 


Card expiry даїв | / _ 


Signature. 


Name 


Street 


Suburb/town Postcode 


SILICON CHIP PUBLICATIONS 
PO Box 139, Collaroy, NSW 2097 
Phone (02) 9979 5644 Fax: (02) 9979 6503. 
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WHERE DO YOU GO FOR ALL 
NEW BOOKS AND ELECTRONICS? 


Plastic Instrument Case 
Sturdy black case is ideal for a model railway 
switching set-up, or any other project for 
that matter! Size:@8mm(W) x 128mm(L) 

x 43mm(H). Н 2502 


10 OR MORE $8.96 


Dual Fig 8 


OFC Speaker Cable 


Oxygen-free copper for 


maximum conductivity! 
4 Core cable 63/0. 1mm. 
Ww 2023 


EL 
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For trainspotters, kit builders and hobbyists... 


3.5mm Pilot Globe 
For experiments, model. 
trains etc. Similar to our 


Ceramic Fuses - M205 


Fast blow fuses. [ECI27 Certified 
for safety. 


popular mini pilot globes 
but in 3V! Green leads P pM ded 
for 3V identification 
10AQ280V P8410 


ave fent п 


w 
d "m 
h хм 


Aluminium Frame 
Utility Knife 3895] 


Cut those wires with precision! 
Has a handy hacksaw too! Т 3605 


Fra e$ EL 
LEET 


Transparent Colour LED Packs 
Smm Bright LEDs in packs of 50. 

Buy in bulk and SAVED 

RED z 7060 5 7 '95/рк, 
GREEN 27064 

YELLOW 2 7068 


Mini Bayonet 
Tubular Globes - 
300mA 

Standard MBC (Mini 


Bayonet Connector) for all 


those train sets! 


P883 15V 
Р8176 ІМ 
еасі 


Modeller’s Mini 
Coloured Globes 
-1,5V 3mm 

Ideal for toys, model 
railways, decorations etc 
Has a coloured glass lens 
and із ideal for projects 
requiring incandescent 
lights instead of LEDs. 
Black wire for “hiding” 
the lead. 


Red lens P8120 
Green lens Р8121 
Bluelens P8122 
Yellow lens P8123 
Orange Lens P8124 


70 


Bayonet Globe 
Holder 


With right angle bracket 
and solder lugs. Low cost, 
ideal for all sorts of 


Solderless 

Test Probes 

Low cost replacement for 
multimeter leads has a 
lock-ring for wire entry. 


Red P1754 
Black Р 1755 


6.5mm Stereo 
Panel Socket 


DPST switching. Metal 
threaded front-end for 
common grounded 
chassis wiring, 

P 1298 
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WHERE DO YOU GO FOR 


NEW KITS AND SAVINGS? 


No hassle finding components...No shopping all over town...We have everything you need! 


Battery Controller for QU Speed Controller 999 M 
dual 12 volt batteries 


* Automatically switches your 
auxiliary battery into the main 
electrical system for charging once 
the engine is started. 
* Disengages your main battery 
when the engine is stopped. 
* Switches between primary and 
auxiliary battery automatically, 
* Supplied with all components, 
hardware, PCB, diecast box 
and front panel label. 


oW 


Discovering the world of 


electronics is now more affordable bise Mp 


SERIES 


than ever! Build a Siren Generator, 


Infrared Remote Control, Xenon Flasher, Stereo Pre-amp, a Timer 


Module and more. See in store for the full range. 
Here are just a few... 


Parallel Port Interface Kit? 


* Able to sense and process data, using the results to control relays, 
motors, solenoids etc. 

* Can monitor 10 analogue voltages and drive В digital outputs. 

* Generates 2 variable voltages. 

* Includes simple programs that can be 
manipulated to suit your needs. 

* Power source required: 9V battery or 
9V DC supply. 

* Supplied with components, PCB and 25 pin 
"D" type connector. 


* Case optional (use H 2851). AVI 
* PCB size: 681 145mm. 
“FCB size: 68mm x $3825 Å 5425 


* Use with routers, jigsaws, circular saws etc. 

* Control from fully stopped to maximum speed. 

* Uses modern switch mode power supply 
techniques, not traditional phase control methods. 

* Can power up to 2400W series motors. 

+ Rating of up to 10A @ 240V. 

* Motor's speed is relatively constant under load. 

* Excellent very low speed operation. 

* Freedom from cogging (irregular bursts of speed). 

* Overcurrent limiting and fuse protection. 

* Constructed in safe, earthed diecast case. 

* Interference suppression included. 

* Adjustable speed regulation. 

* Power source required: 240V AC. 

* Supplied with all 
components, PCB, 
pre-punched diecast 
case and screened 
front panel, 


Wave Form Generator? 


* Frequency Range: ОН to 100KHz. 

* Both amplitude and frequency are voltage controlled. 

* Combine two of these to make an audio sweep generator. 

* On board voltage regulation to ensure good stability. 

* Power source required: 9V battery or any DC supply between 
85 and 15V. 

* Supplied with components, 
PCB and hardware such as 
potentiometers and switches. 

* Case optional (use H 2851). 

= PCB size: 43mm x 87mm. 


K 2802 


{ жее ES 


Fibre Optic Audio Link? 


* Great for applications where interference-free data is required. 
* Microphone and auxiliary input. 
* Suitable for high-level signals such as VCR, tuner 
and tape recorder outputs. 
+ Power source required: 9V battery. 
* Supplied with components, PCB, mic 
insert, 4 metres of fibre optic 
cable and a pair of 


* Case optional 
(use H 2855). 

= PCB size: 23mm x 78mm 

K2803 


Availability: Our kits consist of many different parts from numerous suppliers. Whilst we have consulted closely with them and are satisfied ss to their abiity to supply, sometimes problems can arise in obtaining 
all of the parts. This means there is a slight chance that змайабійу may be delayed. Rainchecks are available, however f you'd lke to check beforehand, please dont hesitate to contact your local store. 


TOOLS & ACCESSORIES 
AT GREAT LOW PRICES 


Fuse Wire- 
8A, 16A, 
20A and 
30A 


Great price, won't 
blow your budget! 
У 3180 


Butane Pencil Blow Torch 


Great for heatshrink work, silver solder, 


gold, silver, brazing or glass work, Fits easily 


in your pocket - but switch it 
off first! 
T 1380 


597 


Solder Roll 
Holder/Dispenser 


Strong metal holder makes your 


soldering Ме easier! 
T1295 5/67. 


ІЕС Male 
Chassis Connector 


10A with fuse holder. 
Measures 5 x 20mm. 


13 piece 

Precision Knife Set 
Comes with 3 quality knife 
handles in various sizes plus 10 
spare blades in a variety of 
shapes and sizes. Includes handy 
plastic storage case. 
Replacement 

blades available. 


32 pc Security Bit Set 


An incredibly handy bit s 
security screws. Bits i 
(6,8, 10), secu 
Tri-wing bits (1 
7164, 1/8, 9164, 5/32"), 
spanner pin drive bits 
(4,6, 8, 10mm), а 
а magnetised bi 

holder, all in a soft 
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Dick Smith 
Lubricant Spray 


Improves motor generator 
winding insulation resistance, 
protects against high humidity, 
improves electrical properties, 
displaces moisture, loosens 
corroded nuts, bolts etc. 300g 
can. Non flammable. 


Pocket Workshop 


Unfolds into pliers, a knife, 


screwdriver etc, Includes leather 


storage case. 
7 3308 


Dick Smith 
Contact Cleaner 


А plastic-safe formula, its harmless 


to most plastics and evaporates 
rapidly and completely. 100% free 


of CFCs. 300g can, 
пере 


Pocket Magnifier 

Ideal for checking surface mount 
components, cracks in PCB tracks 
or the quality of solder joints. This 
well-made magnifier with 15mm 
lens provides 10x magnification and 
slides back into its 

plated brass case 

when not in use. 

T 4595 


Mini Electronic 
Ignition 
Blow Torch 


Butane powered with 
simple push-to-start 
electronic ignition. The 
flame is fully adjustable and 
the unit can be either 
handheld or placed on the 
bench top in its stand. 

T 1390 (Butane gas not included) 
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TEST GEAR & BOOKS 


ALL UNDER ONE ROOF 


3.5 Digi 


Rated Multimeter 
* 3.5 digit (2,000 count) LCD. 

* Max hold and data hold. 

* Diode & Continuity test. 

* Mains rated - safe for 240V 


Digital Stick Thermometer z Buy either book and get 


* Compact handheld digital 
thermometer with 3.5 digit LCD. BONUS Н ' 

а niim пач а Multimeter! 

+ Includes K-type thermocouple (probe). 

Specifications 

Unit range -50 to 1,300 " Celsius. 


Understanding 
B DUC rue - Thermocouple range: -40 to 260" Celsius. Electricity & Electronics 
+ Protective rubber holster. dem Nescio 01 or 1° Celis, y 


AES G. Randy Slone - 340 pages — sse 
EZJQUE 8 599, ЕЕ. 
electricity and electronics with Беу and 

SETS 7 | practical, easy to build projects. Electronics _ 
- Electromagnetic Field Tester A well-priced book that takes the gy й 


reader from concepts to practice. 


* Suitable for monitoring environmental electromagnetic radiation. 
+ Measures electromagnetic radiation generated by power lines, cables, computers, TVs etc. Covers: е m= 
* Basic Electrical Concepts 


* Easy-to-read 3.5 digit LCD. n. 
. ae ie Siete 599 SAVE = Transformers & AC Voltage Conversions 
Q 1225 5 5 0 | || + Rectifiers, Capacitors, Resistors, Zener Diodes & ICs. 
| |. * Digtal Electronics " Oscilators 
* Soldering Iron Controller 


Deluxe Dual Input Thermometer » Logic Probe & Pulser 529 


B 1748 


* Compact handheld dual input digital thermometer with 4.5 digit LCD. 
* Offers both Celsius and Fahrenheit readings. x 5 
"Beer sounds when presen: amparar mis exceeded. — NEW _ Test Procedure 

* Records minimum/maximum temperatures and time. for Basic Electronics 
+ Relative mode displays difference between reading and preset value. 


+ Ketype thermocouples supplied, Irving Gottlieb - 356 pages 
Features auto power off, data hold, dual temperature and temperature differential displays. Covers test procedures with an аы 
* Unit range: -200 to 1,370" C. emphasis on the use of commonly TEST 
* Thermocouple range: -40 to 260" C. available instruments. Ideal for 
Quar students, hobbyists, enthusiasts, ТИЦ 
technicians and professionals. for Basic Electronics 
20MHz Dual Trace CRO BONUS! | = 
* DC Resistance 
* Dual trace, dual trigger & adjustable sweep time (20 steps). Hands on Guide to * Volage & Current 
* Variable hold-off, adjustable sensitivity. the Oicllscone * Concepts of Impedance (Resistance) 
* Selectable X-Y operation & trigger modes. Be Barry's р * Semiconductor Devices, 5 
+ АСТУ НЛТУ V trigger coupling, звану te це Digital Circuits & ВЕ 24 
* Front panel variable rotation ‘comprehensive guide for ta 


and sweep rate from җе ню 
10п$/О\У to Is/DIV. experience BONUS ! 
experience 


+ Includes two CRO probes. 
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Pt.4: High Pressur@Mercury Lamps 
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Lighting 


Developed in the early 1900s, high pressure 
mercury lamps are ideal for use where high 
light outputs are required. Unlike filament 
lamps, they create light by producing an arc 
discharge through a mercury vapour gas. 


By JULIAN EDGAR 


The high pressure mercury lamp 
emits an intense, white light. It is 
widely used in industrial, commer- 
cial and outdoor applications. In fact, 
I have two high pressure mercury va- 
pour lamps in my workshop. 

Because itis the first lamp discussed 
in this series that is not instantly rec- 
ognisable through widespread domes- 
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tic use, itis helpful to show where the 
high pressure mercury lamp fits into 
the scheme ofthings. Fig.1 shows that 
electric lamps can generally be di- 
vided into two categories — those that 
bring a filament to high temperature 
by passing an electric current through 
it (incandescent lamps) and those that 
produce light by the excitation of a 


gas contained between two electrodes 
(discharge lamps) 

A common example of an incan- 
descent lamp is the general service 
light bulb, while an example of a dis- 
charge lamp is a fluorescent tube. 
However, rather than being a low pres- 
sure discharge lamp like a fluorescent 
tube, the high pressure mercury va- 
pour lamp falls (as the name suggests) 
into the category of high pressure dis- 
charge lamps 

Note that in some publications, the 
high pressure mercury vapour lamp is 
abbreviated to MBF, while Philips use 
an HPL prefix. 


History 

The first lamp using the principle 
of a mercury vapour arc was devel- 
oped in 1901. Peter Cooper Hewitt's 


Fig.1: electric lamps can generally be divided into two categories: (1) those that bring a filament to high 
temperature by passing an electric current through it (incandescent lamps); and (2) those that produce light by 
the excitation of a gas contained between two electrodes (discharge lamps). (de Boer, J. & Fischer, D. Interior 


Lighting). 


tubular lamp used a mercury pool cath- 
odeandan iron anode. When the lamp 
was tilted, a column of mercury 
bridged the gap between the cathode 
and the anode. As the lamp was 
righted, the mercury column broke 
and the electric arc discharge started. 

This type of lamp was called a 
Cooper-Hewitt lamp and was widely 
used in the early 1900s. A 385-watt, 4- 
foot long tube version had an efficacy 
of 12.2 lumens/watt (ММ) and was 
first used in the composing room of 
the New York Evening Post in 1903. 

Interest in mercury vapour lamps 
increased in the 1930s when 400W 
lamps were introduced in Europe. 
These were called “high pressure" 
lamps, even though the internal gas 
pressure was actually near atmos- 
pheric. The design consisted of an arc 
tube enclosed within an outer glass 
bulb and the lumen output matched 
that of a contemporary 750W incan- 
descent lamp. By the time of the Sec- 
ond World War, 3kW mercury lamps 
had been introduced. 

There were, however, two major 
problems with mercury discharge 
lamps. First, when the lamp was 
mounted horizontally, the arc bowed 
under the influence of gravity. And if 
the arc touched the glass wall of the 
discharge tube, it melted it! 

To prevent this, magnets were used 
to pull the arc away from the glass. 


Eventually, the development of small- 
er quartz discharge tubes overcame 
this problem and did away with the 
need for magnets. 

The second problem was that a mer- 
cury discharge produces light at just 
four visible wavelengths — 404.7nm, 
435.8nm, 546.1nm and 577-579nm. 
The result is a bluish-green-white light 


that gives poor colour rendering, 

In industrial settings, a simple so- 
lution to this problem was to mount a 
750W tungsten lamp next to a 400М/ 
mercury vapour lamp. The excess of 
reds and oranges from the tungsten 
lamp counterbalanced their absence 
from the mercury lamp. 

Subsequently, in the 1950s, another 


Hard glass outer envelope 
ELT D 


Quartz discharge tube 


Main electrodes 


Starting electrode 


Fig.2: the structure of the high 
pressure mercury discharge 
lamp. (Murdoch, J. Illumination 
Engineering). 
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TOTAL 
IR RADIATION 
260W 


TOTAL 
IR RADIATION 
226W 


solution was found. If the inside of 
the outer glass bulb is coated with a 
phosphor, the ultraviolet mercury ra- 
diation is converted into visible ra- 
diation in the red portion of the spec- 
trum. However the size of the result- 
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ing light source then made optical 
control difficult. 


Basic construction 
Fig.2 shows the basic construction 
of a high pressure mercury vapour 


lamp. The lamp consists of an inner 
quartz discharge tube and an outer 
envelope made from borosilicate glass 
or, in lamps of less than 125 watts, 
soda-lime glass. Quartz is used for the 
discharge tube because it has low ab- 
sorption of UV and visible light and is 
able to withstand the high operating 
temperature. 

In fact, the quartz tube must with- 
stand an arc temperature of 1000°C, 
while the outer bulb operates at a maxi- 
mum of 430°C, The space between the 
inner and outer bulbs is filled with 
nitrogen to thermally insulate the arc 
tube and to protect metal parts from 
oxidation. The discharge tube, on the 
other hand, is filled with distilled 
mercury and argon gas, the latter in- 
cluded to aid starting. 

Housed within the discharge tube 
are two main electrodes and a starting 
electrode. Each of the main electrodes 
consists of a tungsten rod upon which 
a double layer of tungsten wire is 
wound. During manufacture, the elec- 
trode is dipped into a mixture of tho- 
rium, calcium and barium carbonates 
and then heated to convert these com- 
pounds to oxides. 

The starting electrode is simply a 
piece of molybdenum or tungsten wire 
positioned close to one of the main 
electrodes. The electrodes are con- 
nected through the quartz tube by leads 
of molybdenum foil. Molybdenum is 
used because it forms a reliable, gas- 
tight seal with quartz at the high oper- 
ating temperature involved, 

Mercury lamps are available with 
clear or coated outer envelopes. Un- 
coated lamps have a compact light 
source and are commonly used where 
accurate directional control is needed; 
eg, floodlighting. As indicated earlier, 
an uncoated mercury lamp has an ab- 
sence of light at red wavelengths. The 
visible wavelengths emitted are at four 
distinct wavelengths, corresponding 
to yellow, green, blue and violet. A 
significant portion ofits energy is also 
emitted as UV radiation. 

Fig.3 shows the energy balance of 
an uncoated high pressure mercury 
vapour lamp. A 400 watt lamp pro- 
duces 50 watts of visible radiation, 10 
watts of UV radiation and 260 watts of 
infrared (IR) radiation. Convection and 
conduction heat losses are responsible 
for the remaining 80 watts. 

Most mercury lamps have a white 
phosphor coating on the inner surface 
ofthe bulb. This improves colour ren- 


The high-pressure mercury lamp goes through a distinct 
series of phases during start-up. Here the glow discharge 


is spreading through the discharge tube. 


dering and also increases the light 
output because the phosphor converts 
much of the UV radiation into visible 
light. Special coatings are also avail- 
able that give the lamp a lower colour 
temperature, improved colour render- 
ing, a higher lumen output and higher 
luminous efficacy. However, the col- 
our rendering properties of mercury 
lamps are generally poor, with a typi- 
cal Ra of 45, while colour tempera- 
tures from 4200°K to 6000°K are avail- 
able. 

Fig.4 shows the energy balance of a 
phosphor-coated high pressure mer- 
cury vapour lamp. The 400 watt lamp 
has a visible radiation output of 67 
watts, a UV radiation of 15 watts, an 
infrared radiation of 226 watts and 
convection and conduction heat losses 
of 92 watts. 


Operating phases 

There are three distinct phases dur- 
ing the operation of a high pressure 
mercury lamp: ignition, run-up and 
stabilisation, 

(1). Ignition: when the lamp is 
switched on, a high voltage gradient 
appears between the main electrodes 
and also between the starting elec- 
trode and the nearest main electrode. 
This ionises the gas in the latter re- 
gion in the form of a glow discharge, 
the current being limited by a high- 
value resistor (typically 25kQ) wired 
in series with the starting electrode. 
The glow discharge then proceeds to 
spread throughout the discharge tube. 


minutes. 


When the glow discharge reaches 
the furthest electrode, the current in- 
creases considerably. This heats the 
main electrodes until the emission is 
increased sufficiently to cause the 
glow discharge to change into an arc. 
The starting electrode then plays no 
further part in the process because the 
resistance of the main arc is far less 
than that of the starting arc circuit. 

At this stage, the lamp has a blue 
appearance. It is in fact operating as a 
low pressure discharge lamp, similar 


LAMP PERFORMANCE % 


The time between switch-on and a high-pressure mercury 
lamp producing 80% of its final light output is about five 


to a fluorescent lamp. 

(2). Run-up: as a result of the arc 
discharge, the temperature within the 
discharge tube rapidly increases. This 
causes the mercury to gradually va- 
porise, thereby increasing the vapour 
pressure and causing the discharge to 
be concentrated in a narrow band 
along the tube's axis. 

As the pressure within the discharge 
tube increases, the radiated light is 
concentrated progressively towards 
spectral lines of longer wavelengths. 


is 


1 
0 1 2 


Fig. 


3 
TIME MINUTES 
: one of the disadvantages of high pressure mercury 


4 5 B 


lighting is the slow start-up. The initial current drawn (I) is 
high, while lamp power (P), lamp voltage (V) and luminous 
flux (©) take around four minutes to reach normal operating 
values. (Philips Lighting Manual). 
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Fig.6: the most common ballast 
system employed uses shunt 
compensation. (Philips Lighting 
Manual). 


At the same time, a small proportion 
of continuous radiation is introduced 
and so the light becomes whiter. When 
the internal pressure reaches 2-15 at- 
mospheres (up to 220 psi), the arc 
stabilises. All the mercury is then 
vaporised and the discharge takes 
place in unsaturated mercury vapour. 

The time between switch-on and 
the lamp producing 80% of its final 
light output is 4-5 minutes. The per- 
formance of the lamp during this pe- 
riod is shown in Fig.5, 

(3). Stabilisation: as with a fluores- 
cent lamp, a high pressure mercury 
discharge lamp has a negative resist- 
ance characteristic; ie, the current 
flowing through it would continue to 
increase if left unchecked, A suitable 
ballast is therefore required to stabi- 
lise the current flow. 
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Unlike low pressure mercury va- 
pour lamps (fluorescent lamps), the 
output of a high pressure mercury va- 
pour lamp isnot significantly affected 
by changes in ambient temperature. 
The lamps are also not greatly affected 
by fluctuations in the mains voltage. 
A drawback is that once switched off, 
the lamp will not re-ignite for about 
five minutes. This is because the lamp 
must cool sufficiently to lower the 
vapour pressure to the point where 
the arc will re-strike. 

A typical coated high pressure mer- 
cury vapour lamp has an efficacy of 
36-58 lumens/watt. 


Control circuit 


Because a high pressure mercury 
discharge lamp includes its own 
starter, the circuit required is rela- 
tively simple. The most common ap- 
proach is to use shunt compensation, 
as shown in Fig.6. The capacitor im- 
proves the lagging power factor from 
0.5 to better than 0.85, with the circuit 
also reducing lamp current under start- 
ingand operating conditions by nearly 
50%, 


Blended light lamps 

As the name suggests, a blended 
light lamp uses two sources of light. 
The technology combines aspects of 
both a high pressure mercury lamp 
and tungsten filament lamp. 

Instead of using an external ballast 
as a mercury lamp does, a blended 


Blended light lamp: 


basic construction 


Fig.7: a blended light lamp uses 
some elements of both mercury 
discharge and tungsten lamps: 
(1) hard glass outer envelope: (2) 
coiled tungsten filament; (3) 
quartz discharge tube; (4) 
support; (5) main electrode; (6) 
internal phosphor coating; (7) 
lead-in wire; (8) base. (de Boer, J. 
& Fischer, D. Interior Lighting) 
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Fig.8: the spectral output of a 
Philips HPL-N phosphor-coated 
mercury discharge lamp shows. 
three clear lines. (Philips). 
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Fig.9: the spectral output of the 
blended light lamp stills shows the 
three lines, but in addition there is 
the higher wavelength emphasis of 
the tungsten filament. (Philips) 


light lamp has a built-in ballast in the 
form ої а tungsten filament connected 
in series with the discharge tube. Light 
is produced by both the discharge and 
the glowing filament. 

Fig.7 shows the make-up of a 
blended light lamp. This uses a higher 
gas pressure within the outer bulb 
than a mercury vapour lamp to mini- 
mise vaporisation of the tungsten fila- 
ment. As with conventional incan- 
descent lamps, the filling consists 
mainly of argon with some nitrogen 
added. 

Blended light lamps have the huge 
advantage of being able to be retrofit- 
ted to existing incandescent installa- 
tions. The lamps have almost twice 
the efficacy and five times the operat- 
ing life of incandescent lamps, al- 
though both of these characteristics 
are still much inferior to those of mer- 
cury vapour lamps. 

The colour rendering of a blended 
light lamp is much better than that of 
a mercury lamp, with the lamp hav- 
ing a much wider spectral distribu- 
tion. Fig.8 shows the spectral output 
of a Philips HPL-N mercury lamp 
while Fig.9 shows the spectral distri- 
bution of Philips ML blended light 
lamp. The contribution of the tung- 
sten filament can be clearly seen. 

Next month, we'll look at flood- 
lighting for buildings. sc 


ZN Capture still images from your video camera with incredible 
picture sharpness and clarity. 
We were amazed at the photographic like picture quality achieved with 


ZipShot. 


Have a look for yourself, download a sample image from 
ftp.mgram.com.au/3364, or we'll email or post you a file to look at. See 
what is possible with a capture resolution of up to 1600 x 1200 pixels. 
ZipShot connects to a parallel port, (with parallel pass-through), and 
allows a video camera to be connected via composite video or s-video. It 
supports PAL, NTSC and SECM straight out of he box. 
Ever tried to play back a video and capture a particular frame - judging the timing із difficult. Zipshot will 
capture a sequence of frames and let you select the one you want. It will also capture AVI files and is 
‘bundled with an incredible range of software. If you have existing software with a TWAIN input ZipShot 


includes TWAIN drivers. 


ZipShot is versatile, use it for High-Quality Still Image Capture, Motion Video Capture, Time-Elapse 


Capture and Continuous Image Capture. 


Video Excel 3D Accelerator 

This S3 ViRGE integrated 3D graphics/video accel- 

erator provides advanced 3D texture mapping fea- 

а. as 
well as high performance shading features for CAD 

applications. И supports software MPEG-1, 

Integrated True-colour RAMDAC and full 16 bit Z- 

buffer support in all rendering modes. 

Cat. No. 3929 VGA PCI S3 Virge 3D Accelerator 2Mb 575 


CD ROM IDE ISA Controller Card 


controller. This card will allow you to simply add a 
CD ROM drive. Address 1F0/170 and IRQ's 14,15 
with primary or secondary select. 

Cat. No.6385 СО ROM IDE ISA Controller Card 
100Mbps Ethernet Cards & Hubs 
Get your network flying with a 32-bit 10/100 Mbps 
PnP PCI Ethernet card. It features bus mastering for 
maximum data throughput and low CPU utilization. 
Combine it with an eight port 100Base-TX Ethernet. 
hub & connect via Category 5 UTP or Type 1 STP 
‘cabling. It provides link / activity, partition & collision 
LED's 8 can be desk, wall or rack mounted. 
Cat. No, 11281 Eight Port 100Base-TX Ethernet Hub $999 
Cat. No. 11282 PCI 10/100 Mbps PnP Network Card $99 
Diagnostic Card - PCI & ISA Bus 

A dual bus diagnostic card! Simply invert the card to 
test the other bus. It identifies POST BIOS fault- 
codes & displays error codes. Diagnostic error 


$29 


Cat. No. 3364 


Zipshot 5329 


codes are provided for AMI, AWARD & Phoenix BIOS. 
Suitable for 486 / 586 / 686 / Pentium И compatible 
systems. 

Cat. Мо. 3362 Diagnostic card for PCI /ISA 
Са. No. 3128 Diagnostic Card for ISA 
Computer Security Kit 

Ideal for preventing the kids from 
destroying your data! No software 
required. А small keypad mounts 

in a 3.5in bay which allows an 
access code to be entered. Two access codes distin- 
guish the level of user so that the floppy drive is auto- 
matically locked when accessed by the second user. 
The keyboard & mouse may be locked/unlocked at 
any time. 

Cat. No. 493 Security Kit Hardware Access Lock $89 
4 & 8 Port 33600 bps Modem Cards 
The RAStel 4 & 8 port ISA bus modem cards connect 
your office computer or network to the outside world 
via multiple phone lines. Combined with off-the-shelf 
Temote access software, RAStel provides a secure & 
seamless connection enabling remote users to interct 
online with you by remote login, by file transfer or by 
remote network connection. 

CatNo.2637 4 Port 33600 bps Modem Card $1480 
Gat. No. 2636 8 Port 33600 bps Modem Card $2975 
BIOS Upgrade 

If your motherboard BIOS does not support LBA 
(Logical Block Addressing) or hard drive capacities 
greater than 528Mb, overcome these limitations with 
‘our BIOS card. Supports hard drives up to 8.4GB 
capacity & needs no software drivers. 
Cat. No. 2564 HDD ISA BIOS Card 


$229 
$69 


$59 


Also available, a BIOS controller card with support 
for 4 HDD's and 2 FDD's. 
Cat. No. 2565 HDD Cont ISA IDE BIOS 
Parallel Port EPROM Programmer 
An EPROM programmer that 
connects to LPT 1, 2 or 3 
and has a 32 pin ZIF socket. 
It will program 16K to 8M bit 
EPROMs without adapters. 
Fully featured software accepts Binary- 
InteVExtended Intel-Motorola S19/S28/S37 & 
Tektronics Hex formats. A full range of adapters for 
other devices is available. 
Cat No. 3159 Parallel Port EPROM Programmer $399 
Converter SVGA to RGB 
Allows the use of an RGB 
monitor with either VGA or 
SVGA output. It is designed 
for high resolution graphics 
monitors and has the Н and 
М synch signals added to the Green video channel. 
RGB to SVGA converters are also available, 
Cat, No. 15063 SVGA to RGB Converter. 
Cat. Мо. 15064 RGB to SVGA Converter. 
Internal UPS & Power Supply 
Its not just a UPS but 
also a 300W power sup- 
ply. The UPS is actually 
built into a standard size. 
power supply and the bat- 
teries & front panel occupy а 5.25іп drive bay. The 
UPS is rated at 500VA. Apart from power failure, the 
UPS also protects against over voltage, under volt- 
age, overload & DC short circuit. Optional software 
provides for automatic shutdown. 
CatNo.8498  UPS/PS Internal SOOVA/300W 
‘Cat. No, 8499 UPS/ PS Internal RUPS S'ware 
Infra Red Serial 
Links 
The IrJet is available in 
two models. Connect 
via standard serial port 
for computers without a built-in IR port or directly to 
а motherboard with built-in IR port pin outs. It com- 
municates via an infra red signal between note- 
books, desktop PC's or other IrDA compliant infrared 
devices. А transfer rate of up to 115,200 bps is sup- 
ported over 3.5 metres. 
Cat, No. 8421 Infra Red Serial Link $139 
Cat. No. 8518 Infra Red Motherboard Link $89 
E&OE А! prices include sales tax MICROGRAM 0298 


$99 


$189 
$189 


$429 
$99 


Come and visit our online catalogue & shop at www. mgram:c com.au 


sales @ mgram.com.au 
Australia-Wide Express Courier (To 3kg) $10 
We welcome Bankcard Mastercard VISA Amex 
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Battery Charger 


For tools, camcorders, R/C equipment & car batteries 


This truly versatile Multi-Purpose Fast Battery 
Charger will charge your NiCd and NiMH power 
tool batteries in less than 15 minutes for a 1.2Ah 
pack. It includes full battery protection & employs 
well proven end of charge detection methods to 
ensure that the cells are not damaged. You can also 
charge 6V & 12V sealed lead acid (SLA) packs and 
lead acid car and motorcycle batteries. 


By JOHN CLARKE 


So you got a new battery power tool 
for Christmas? Great, isn't it? You can 
use it anywhere, any time and there's 
no power cord to get in your way. Not 
so great is when the battery runs down. 
Unless the tool is a high-priced model 
with a fast charger, it can take three 
hours or more to charge the battery. 
Three hours is a long time when you 
want to get on with the job. 

So fast charging for power tools is 
the main reason for this new design. 
But in our never-ending quest for get- 
ting more and more performance out 
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of less and less circuitry, we were not 
going to be content with a design that 
just did Nickel Cadmium (NiCd) and 
Nickel Metal Hydride (NiMH) batter- 
ies. We wanted to use the basic charger 
components to cater for Sealed Lead 
Acid (SLA) and ordinary Lead-Acid 
batteries as in cars and motor bikes. 
Could we doit? As luck would have 
it (“There is a tide in the affairs of men 
which taken . . ."), Philips have re- 
cently introduced a new battery man- 
agement chip which takes care of 
NiCd, NiMH, SLA and Lithium-Ion 


batteries. So that would take care of 
most of what we wanted. Could we 
make it do ordinary Lead-Acid batter- 
ies as well? We could, and did, and 
you see the result here. 


Features of the new charger 


It is crucial when fast charging bat- 
teries that they are not overcharged. If 
NiCd and NiMH types are given too 
much charge, they will overheat and 
be permanently damaged. Nor should 
SLA and Lead-Acid types be charged 
beyond a certain voltage or they too 
will be damaged and their life reduced. 
The same applies if they are consist- 
ently undercharged. 

NiCd batteries should also be dis- 
charged before recharging. If they are 
recharged before being discharged 
they will exhibit the dreaded “mem- 
ory” effect whereby they will not pro- 
vide their full discharge capacity. And 
nor should NiMH batteries be contin- 
uously trickle charged since they form 
dendrites which will eventually short 
out the cell. 

That's a lot of “shoulds” and “should 
nots” to be catered for but our new 


charger design takes care of all these 
points and a lot more. 

The new SILICON CHIP Multi-Pur- 
pose Fast Battery Charger provides 
accurate detection of full charge for 
NiCd and NiMH batteries and precise 
end point voltage regulation for SLA 
and Lead-Acid types. It also has vari- 
ous protection features to prevent fast 
charge when the battery temperature 
is too high or low for NiCd and NiMH. 
types and if the battery voltage is ini- 
tially low for all battery types. 

‘An added feature is the Refresh cy- 
cle for NiCd batteries, This discharges 
the battery so that each cell reaches a 
nominal 1V before the charger begins 
to fast charge. Fast charging stops 
when the cell voltage begins to drop 
off from a maximum value. There is 
provision for temperature monitoring 
as well, Some battery packs have in- 
built thermistors and the charger uses 
this to detect when the cell tempera- 
ture begins to rise at a rapid rate. 

When fast charging ceases, NiCd & 
NiMH batteries are topped up at 
200mA for about 90 minutes and then 
trickle charged at 62mA to maintain 
their capacity before use. This trickle 
charge comprises short bursts of cur- 
rent which averages to 62mA. These 
bursts of current prevents dendritic 
growth within NiMH and NiCd cells. 

SLA and Lead-Acid batteries are 
initially fast charged, tapering off to 
zero as the battery voltage approaches 
2.4V per cell. This corresponds to 
14.4V for a 12V battery. Charging au- 
tomatically starts again when the cell 
voltage drops to 2.2V or 13.2V for a 
12М battery. 


Timer & LED indicators 


The charger incorporates a timer 
which stops fast charging after a set 
period. This prevents overcharging 
should the end of charge detection 
methods fail. Normally the timeout is 
about 1.6 times the expected charge 
time of the battery, as determined by 
the capacity and charge current. When 
charging Lead-Acid batteries, the timer 
is reset at regular intervals to disable 
this function. This is because large 
Lead-Acid batteries require a much 
longer time to charge than the timer 
can accommodate. 

The Multi-Purpose Charger is hous- 
ed in a plastic instrument case with a 
front panel which looks fairly compli- 
cated. However, it only has two knobs 
and a couple of switches and these are 


Specifications 


Fast Charge Current..... 

Торой current (NiCd & NiMH) . 
Trickle current (NiCd & NiMH) 
Refresh current (NiCd) .... «2A 
Refresh discharge end point... 1V per cell 
Battery low detect (NiCd & NiMH) . 0.3V per cell 
Battery low detect (SLA & Lead-Acid) . 0.45V per cell 
Battery high detect (NiCd & NiMH)... . 2V per cell 
Battery high detect (SLA & Lead-Acid) 2.97V per cell 
Charge end point (SLA & Lead-Acid) .2.4М рег cell 
Recharge after end point (SLA & Lead-Acid) . 2.2V per cell 
Voltage peak detection (NiCd & ММН)... 0.2596 drop in top value 
Temperature rate detection level (NiCd & NiMH) ... 0.25% 
Under-temperature cutout (NiCd & NiMH) 12°C 
Over-temperature cutout (NiCd & NiMH). 50°C 
Charger over-temperature cutout .. + 80°C 
Fast charge timeout... 15, 30 or 60 minutes (nominal) 
Top-off charge time (NiCd & NiMH) about 90 minutes 


nominally 6A. 


Features 


Fast charges NiCd, NiMH, SLA апа Lead-Acid (car) batteries 

Suitable for 6, 7.2, 9.6, 12 & 14.4V NiCd & NiMH batteries from 1.2Ah to 
4Ah. 

Suitable for 6V or 12V SLA batteries from 1.2Ah to 4Ah 

Suitable for 6V or 12V Lead-Acid (vehicle) batteries of more than 1.2Ah 
Includes a discharger for NiCd batteries 

Top-off charging at end of fast charge plus pulsed trickle for NiCd & NiMH 


batteries 


Voltage limited charge for SLA & Lead-Acid batteries 
Voltage drop (dV/dt) & temperature rise (dT/dt) full charge detection for 


NiCd & NiMH 


Under and over-temperature cutout for battery 
Over-temperature cutout for charger 


Short circuit battery protection 
Timeout protection 

Fuse protection 

Multi-LED charge indicators 


used to select the type of battery to be 
charged, the battery voltage and charge 
time. It might look complicated but it 
is quite simple to operate. 

Six LEDs are provided on the front 
panel to indicate the status of the 
charger. The first of these is the RE- 
FRESH LED which indicates when a 
NiCd battery is being discharged. The 
discharge cycle is activated by the 
Refresh pushbutton immediately 
above the LED. 


The FAST LED shows that the 
charger is delivering maximum cur- 
rent, 6A, to the battery. When the 
charger deems the battery to be charg- 
ed, it shows the 100% LED. While this 
LED is alight, the charger is in “Top 
off" mode; ів, 200mA charge. 

At the end of the "Top Off" mode, 
the charger goes into trickle mode and 
all LEDs are off. 

The PROTECT LED shows when the 
battery is shorted or has low voltage 
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after a certain period of charge. It will 
also light with over or under tempera- 
ture, if the thermistor is connected. 
The NO BATTERY LED only lights 
when NiCd & NiMH battery types are 
selected and only if the thermistor is 
not connected to the charger. It sim- 
ply indicates that the battery is not 
connected or has a high impedance. 


Battery management IC 


As noted above, all of the charging 
features described so far are provided 
by virtue of a battery management IC 
made by Philips Components. It is 
designated the TEA1102. Its block dia- 
gram is shown in Еір.1. We 
downloaded this diagram and the data 
sheet from the Philips web site at 
WWW.SEMICONDUCTORS.PHILIPS.COM 

The operation of the TEA1102 is 
rather complex and comprises analog 
and digital circuitry which can be di- 
vided into six separate sub sections as 
shown on the block diagram. 

Starting at the top righthand corner 
of Fig.1, the charge control and output 
driver section comprises a current 
source, battery type selection, oscilla- 
tor, comparators, amplifiers and a 
pulse width modulation (PWM) and 
analog control output. 


20 SILICON CHIP 


sse 
fbr 
EO rao 
30 ee якн 
з Y 2 
= fi TEATI2 в 
t рар 
dr тмея лар 
AND 
Я pe cance 
m STATUS 
| INDICATION П — poo 
NAD виру 
CONVERTER жок Де, 
= 1 [е h | 
FARTHER. m 
Yp Wu м ою тт 
Fig.1: this schematic diagram shows the various functions of the Philips TEA1102 battery management IC. 


Battery voltage is monitored at the 
Vbat input (pin 19, top of diagram) 
and this is compared against Vreg 
which sets the endpoint voltage for 
charging the selected battery type. 
Options are NiCd (Nickel Cadmium) 
& NiMH (Nickel Metal Hydride), 
Lithium-Ion and SLA (Sealed Lead 
Acid). Note that we have not used the 
Lithium-Ion facility as these batteries 
are comparatively rare in consumer 
equipment, apart from computer 
backup batteries. 

There is a different Vreg selection 
for each type of battery but these do 
not necessarily correspond to the “end- 
point” voltage for each cell type. 

The comparator monitoring Vbat 
and Vreg controls the constant cur- 
rent source transistor which is sup- 
plied with one of four currents; fast 
charge, top off, standby and load. At 
switch on, the TEA1102 is reset and 
fast charge mode is selected. This fast 
charge is set by a resistor at Rref (pin 
20) to select the current flow to the IB 
output (pin 2). 

The current from the IB output pin 
flows through an external resistor to 
develop a voltage which is monitored 
by the internal op amps A1 and A4. 
A1’s output is amplified by АЗ to give 


an analog control output (pin 18) and 
is compared in A2 against a triangle 
waveform set by the oscillator at pin 
14. A2’s output is a pulse width modu- 
lated (PWM) signal which is used to 
control the charge current. 


PWM operation 


The oscilloscope waveform of Fig.2 
gives us an idea of how this works. 
The lower trace triangle waveform is 
the oscillator output and the horizon- 
tal cursor line represents the DC out- 
put of A1 (pin 17). The upper trace is 
the PWM output to drive a switching 
transistor. This PWM output goes high 
when the oscillator waveform goes 
below the A1 output. If the current 
decreases, the A1 output will rise and 
produce a wider PWM signal to in- 
crease the current. 

The Vbat input at pin 19 also con- 
nects to the battery low, end refresh 
and no battery comparators in the Pro- 
tection block. These are to prevent 
fast charge when the battery is low, 
cease the refresh at 1V per cell and 
prevent a high output voltage with no 
battery connection. The Vbat signal 
also is applied to the Analog to Digital 
converter and Digital to Analog con- 
verter, shown as the DA/AD converter 
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Fig.2: these waveforms show the switchmode operation of the charger. The 
lower trace triangle waveform is the oscillator output and the horizontal cursor 
line represents the DC output of A1 (pin 17). The upper trace is the PWM output 
to drive a switching transistor. This PWM output goes high when the oscillator. 
waveform goes below the A1 output. If the current decreases, the A1 output will 
rise and produce a wider PWM signal to increase the current. 


on the block diagram of the IC. 
TheDA/AD converter monitors bat- 
tery voltage when charging NiCd & 
NiMH batteries. As the battery is charg- 
ingthe voltage gradually increases and 
at a regular interval, the A/D con- 
verter samples the voltage and stores 
itas a digital value if the voltage has 


240VAC 


Fig.3: transformer T1 and 
bridge rectifier BR1 provide 
an unfiltered 18V DC supply 
for the main charger circuit. 
This is fed through directly 
(ie, essentially unfiltered) to 
the switchmode step-down 
converter comprising 
transistor Q1, inductor L1 and. 
diodes D1 and D2. In effect, 
the battery is charged with 
chopped and unfiltered DC. 


increased from the previous reading. 
When the voltage begins to fall the 
lower voltage is not stored but com- 
pared with the analog voltage result- 
ing from the digital stored value. A 
fall of 0.25% indicates that the battery 
is charged and the charger will switch 
to trickle mode. 


The DA/AD converter also moni- 
tors the thermistor voltage via the NTC 
input at pin 8. If the thermistor is 
connected the DA/AD converter 
switches off fast charge when there is 
a sudden rise in temperature of the 
battery which also indicates full 
charge. Note that fast charge will be 
switched off if there is a low or high 
temperature detected by the Tmin and 
Tmax Comparators. 

The “NTC present” comparator de- 
tects the connection of the thermistor. 
The Tcut-off comparator is the detector 
for the change in battery temperature 
which switches on for a 0.25% rate of 
rise in temperature. The MTV input 
(pin 9) can be used to calibrate the 
thermistor temperature at Tmax al- 
though we have not used this feature. 

The Control Logic section monitors 
and sets the operation of the various 
blocks within the IC. Voltage on the 
FCT input (pin 11) selects the type of 
battery to be charged. The Supply 
Block takes its supply at the Ур input 
(pin 12) and produces a reference volt- 
age at the V, output (pin 16), This 
reference provides an accurate and 
stable source for the battery end point 
voltages. 

The Vg) output (pin 13) is used to 
switch on power to the indicating 
LEDs. This is necessary since the LEDs 
are driven by dual purpose outputs 
which also provide programming for 
the timers. These pins are initially 
monitored at power on to check what 
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Fig.5: this is the current waveform across ће sensing resistor Rx. Its value is 
0.050 and the RMS voltage reading із 294mV ог 5.88A. The mean value (and 
the reading obtained on a multimeter set оп DCV) shows only 212mV or 4.24A. 


options are set, before the LEDs are 
powered. 


Block diagram 


Fig.3 shows how we have used the 
TEA1102 battery management IC in 
our circuit. Transformer T1 and bridge 
rectifier BR1 provide an unfiltered 18V 
DC supply for the main charger cir- 
cuit. This is lightly filtered to provide 
DC for the control circuitry but is fed 
through directly (ie, essentially un- 
filtered) to the switchmode step-down 
converter comprising transistor Q1, 
inductor L1 and diodes D1 and D2. 

In effect, the battery is charged with 
chopped and unfiltered DC. This al- 
lows а considerable saving on electro- 
lytic filter capacitors as well as reduc- 
ing power losses in the main series 
pass transistor, Q1. 


Circuit description 

Fig.4 shows the full circuit for the 
Multipurpose Fast Battery Charger. It 
comprises three ICs including the 
TEA1102, two power transistors and 
diodes and not a great deal else. As 
you can see, there is quite a lot of 
switching circuitry hanging off the 
TEA1102, which emphasises the fact 
that it does most of the work. 

Power for the circuit comes from an 
18V 6A transformer which feeds a 
bridge rectifier and two 10uF poly- 
ester capacitors. These capacitors sup- 


ply the peak switching current to the 
switchmode supply comprising tran- 
sistor Q1, diode D1 and inductor L1. 

The Pulse Width Modulation out- 
put at pin 15 of IC1 drives transistor 
Q3 which operates as a pulsed *cur- 
rent sink" pulling current out of the 
base of Q1. The 680 resistor in the 
emitter of Q3 sets the current pulses 
to about 34mA and these ensure that 
Q1 is turned on hard. 

The collector current from Q1 flows 
through inductor L1 and diode D2 
into the battery load. Each time Q1 
Switches off, the fast recovery diode 
D1 provides a current path so that the 
energy stored in the inductor can be 
fed into the battery. Diode D2 pre- 
vents the battery from feeding current 
back into the switchmode circuit when 
the charger reaches the end of its cy- 
cle. 

The 100uF capacitor connected 
across the battery is there to filter the 
supply when no battery is connected 
so that the “no battery” detection will 
operate within IC1. 

The charge current is detected in 
the 0.05Q resistance comprising two 
0.10 resistors connected in parallel to 
the emitter of 02. This “ground” point 
is tied to pin 2 of ІСІ via а 3.3kQ 
resistor and this allows ІСІ tomonitor 
the current. 

Operation is as follows: The Vref 
output at pin 20 which has a 1.25V 


supply sets the current flow out of the 
IB pin so that it is equal to 1.25V/ 
27kQ = 461A. This current produces а 
voltage across the 3.3kQ resistor and 
this is used to set the maximum cur- 
rent from the charger. 

Fig.5 shows the current waveform. 
across the sensing resistor Rx. Its value 
is 0.05Q and the RMS voltage reading 
is 294mV or 5.88A. The mean value 
(and the reading obtained on a multi- 
meter set on DCV) shows only 212mV 
or 4.24A. 

The 27kQ resistor at pin 20 also sets 
the oscillator frequency in conjunc- 
tion with the 820pF capacitor at pin 
14. Frequency of oscillation is about 
50kHz which sets the PWM switching 
speed and the timeout periods. 

The Timeout period is adjusted by 
the switch setting at pin 7. When pin 
7 is pulled low via the 33kQ resistor at 
switch 52, the timeout is about 15 
minutes. An open setting of S2 in- 
creases the timeout by a factor of two 
and when 52 pulls pin 7 high, the 
timeout is increased again by a factor 
two. These last two settings give the 
30-minute and 60-minute settings re- 
spectively. 


Battery selection 


Detection of battery type is done 
with the FCT (Fast Charge Termina- 
tion) input, pin 11. When pin 1 is 
grounded via switches S3a and/or S4a, 
the SLA battery charge procedure is 
used by IC1. S4a ensures that pin 11 is 
at ground regardless of the position of 
S3a when 54 is in position 2 when 6V 
or 12V Lead-Acid batteries are being 
charged. This prevents Lead-Acid bat- 
teries being charged as NiCd or NiMH 
types which would lead to overcharg- 
ing. 

The NiCd and NiMH charge cycle is 
selected when pin 11 is connected via 
S3a to the 4.25V reference at pin 16. 
The Vst (pin 1) input selects trickle 
charging after the NiCd or NiMH 
batteries are charged rather than the 
voltage regulation option when pin 1 
is open circuit. 

Pin 19, the Ува input monitors bat- 
tery voltage via a switched voltage 
divider connected via a 10kQ resistor 
and 0.47uF capacitor filter. The di- 
vider for NiCd & NiMH batteries is via 
S5a, catering for 6V, 7.2V, 9.6V, 12V 
and 14.4V packs. The divider for SLA 
and Lead-Acid batteries is via S3b 
and S5b, catering for 6V and 12V. 

Pin 8, the NTC input, detects the 


FEBRUARY 1998 | 23 


The new multi-purpose charger will cater for NiCd, 
(car) batteries. Intended mainly as a fast charger for power tools and R/C gear, it 


МН, SLA and Lead-Acid 


does double duty with car and SLA batteries. 


presence of a thermistor in the battery 
pack. The 100КО resistor pulls pin 8 
up to +4.25V when the thermistor is 
disconnected and to about +2V when 
it is connected, at normal room tem- 
perature. As the thermistor heats up, 
the rise in temperature on the battery 
should correspond to a voltage reduc- 
tion; ie, dV/dt detection. If this is not 
detected before the thermistor voltage 
reaches 1У, the fast charge will cease 
because of over temperature. 

LED indication is provided on the 
LED, POD, PTD and PSD pins and 
controlled via the У; output. At power 
up, all LEDs are off and the IC looks at 
the POD, PTD and PSD pins to check 
the division ratio programming set on 
these pins. After this, the LEDs can be 
lit when Уу] goes high to turn on tran- 
sistor Q4 which feeds them via the 
6800 resistor. If LEDs 1-4 are off then 
the “No battery" indicator, LED5. can 
light. However, if any of the other 
LEDs are alight, LED5 will extinguish. 
This is because LEDS requires more 
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voltage than the other LEDs due to the 
series diode, D4. 


Refresh cycle 


Transistor Q2 turns on to discharge 
NiCd batteries when pin 10 of IC1 is 
momentarily shorted to ground via 
pushbutton S6. Note that the switch- 
mode output at pin 15 is low while Q2 
is turned on. Current flow through Q2 
and the battery is also via the 0.05Q 
resistor and is detected at the IB input 
at pin 2. This discharge current is 
regulated to 2A. 

Power for IC1 comes from the posi- 
tive side of the bridge rectifier which 
charges a 1000uF capacitor via diode 
D3. The diode reduces the ripple on 
the capacitor and also prevents the 
charging current for the battery being 
drawn from this capacitor. A 470Q 
resistor supplies current to pin 12 of 
IC1 which has an internal 12V zener 
diode regulator. А 10uF capacitor 
decouples the supply. 

A 1kQ resistor supplies current to a 


separate 12V zener diode, ZD1, to 
power IC2 and IC3. These two ICs 
form the reset timer. 

The AC side of bridge rectifier BR1 
supplies an 11V zener diode, ZD2, via 
а 2.2КО resistor. The zener diode lim- 
its the resulting 50Hz signal to +11V 
and -0.7V and this is fed via an RC 
filter to Schmitt trigger IC2a which 
squares up the waveform. 

This signal is then applied to the 
clock input of 1С3, а 14-stage binary 
counter. The resulting output at pin 3 
goes high once every 5.5 minutes. The 
high output is fed to inverter IC2b via 
the 3.3uF capacitor and then to in- 
verter IC2c. IC2c then drives transis- 
tor Q5 which switches the supply of 
IC1 to ground via а 100 resistor. This 
action resets the internal timer of IC1. 
This cycle repeats while ever 544 is 
in position 2 which corresponds to 
charging for Lead-Acid batteries. 

Hence, the only reason why IC2 & 
IC3 and the associated circuit have 
been included is to allow lead-acid 
batteries to be charged 

Next month, we will present the 
full construction details for the Multi- 
Purpose Fast Charger. sc 


This 2-line Telephone Exchange Simulator can be used to test 


telephone handsets, fax machines, modems, answering machines 
and other telephone equipment such as diallers on burglar alarms. 
It contains the all the circuitry necessary to accept decadic (pulse) 


or DTMF (tone) dialling. 


Telephone Exchange 
Simulator For Testing 


Have you ever wanted to test the modem 
section on a piece of electronic equipment but 
were unable to afford the luxury of a small 
PABX? Or are you in the production side of 
electronics and need to simulate a telephone 
exchange to test the finished product? Well, 
this Telephone Exchange Simulator can 
overcome these problems. 


By MIKE ZENERE 


Testing faulty or new pieces of tele- 
phone equipment over the switched 
network is illegal and can incur large 
fines if you are detected. Best not to 
do it. What you really need is a test 
box which can automatically detect 
decadic or tone dialling and can dis- 
play the progress of a call via LEDs on 
the front panel. The unit to be de- 


scribed can also be an interface be- 
tween your fax machine and PC, ena- 
bling you to scan in documents or 
pictures. 

Modems and faxes present a real 
problem if you want to test them. Say 
you have a fully approved and work- 
ing modem or fax and you want to test 
it out. Sure, you can legally test them 


over the phone lines but you need two 
phone lines to do it and that’s not 
always easy. It might be easy enough 
if you have two lines coming into 
your residence but if yours is a com- 
mercial organisation, getting access to 
telephone lines which are already con- 
nected to your PABX is not conven- 
ient or legal either. So this Telephone 
Exchange Simulator fills a real need. 

The Telephone Exchange Simula- 
tor is housed in a plastic instrument 
case and has a telephone socket on 
each side. You can connect two tele- 
phone handsets and place a call be- 
tween them, in either direction. The 
phones can use either decadic (ie, 
pulse) or tone (DTMF) dialling and 
the unit will automatically detect ei- 
ther mode. 

In the following example, a tele- 
phone will be used to illustrate the 
call procedure but it could be any sort 
of appliance that might use the public 
switched telephone network (PSTN). 
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VIEWED FROM 


BELOW 


DIAL TONE 
EXCHANGE OK 


2-LINE TELEPHONE EXCHANGE SIMULATOR 


Fig.1 (left): the heart of the circuit is 
the 68705P3 processor which controls 
all the phone functions apart from 
DTMF decoding which is done by IC3. 


A call is made in this way: lift the 
handset of one telephone and listen 
for dial tone. At this point both the 
LOOP LED and the DIAL TONE LED 
should be on, signifying that a call is 
in progress. Also an audible sound 
should be heard from the internal 
speaker. Start dialling, noticing that 
the dial tone disappears and either 
the DTMF LED or the LOOP LED are 
flashing, in accordance with the dig- 
its dialled. If the exchange receives a 
correct number, ring tone will be heard 
in both the speaker and the ear piece 
as well as an audible ringing of the 
phone. 

Ifthe called phone is answered, the 
second LOOP LED and the CONNECT 
LED will light, showing that the call is 
connected. A speech path is now 
formed from one telephone to the 
other. 

This simple test procedure will not 
only enable you to test typical tele- 
phone handsets but it is also very 
useful for testing cordless phones, And 
as already noted, it will let you test 
fax machines and modems and an- 
swering machines too. 


Some useful terminology 

Listed below are some terms that 
may be useful: 

On hook: the telephone receiver is 
on the phone and the phone is discon- 
nected from the line. 

Off hook: the telephone receiver is 
off the phone and the phone is con- 
nected to the line. 

Dial tone: the sound you hear when 
you first pick up the receiver before 
you start dialling. 

Ring tone: the sound you hear when 
the exchange is calling the other end. 

Busy tone: the sound you hear when 
you have called the other end but 
their phone is in use. 

No progress tone: the sound you 
hear when the wrong number has been 
dialled. 


How it works 


Fig.1 shows the complete circuit of 
the Telephone Exchange Simulator. 
At the heart of the circuit is IC1, a 
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Where To Buy A Kit 


A complete kit of parts for the Telephone Exchange Simulator is available 
from the author who owns the design copyright. This kit includes all 
components, including the programmed microprocessor, transformers and 
case. The price is $190.00 plus $8.50 for postage and packing. If the 
documented source code is required on disk, please add a further $20.00. 


Please make payments (Postal Orders only) payable to M. Zenere, 1/83 
Headingley Road, Mt. Waverley, Victoria 3149. Telephone (03) 9806 0110. 


Also available is a kit for the Magnetic Card Reader featured in the January 
1996 issue of SILICON CHIP. The Card Reader can store up to eight magnetic 
cards in memory and can be used as а door lock. The kit price is $68.00 plus 


$7 for postage and packing. 


68705P3 single chip microcontroller. 
This device is a complete computer 
on a chip and controls the entire ex- 
change simulator. 

This device is somewhat old now 
butas they are in plentiful supply and 
fulfil the requirements of this project, 
they were used. A review of the func- 
tions of the 68705P3 was featured in 
the September 1992 issue of SILICON 
CHP, 


Another key feature of the circuit is 
the two Line Loop Detectors, com- 
prising zener diode ZD1, diode D9 
and transistor Q8 for the first detector 
and ZD2, D13 and 09 for the second 
detector. 


Line loop detectors 


Line loop detectors are the curse of 
the telephone exchange designer and 
at first glance these two line loop de- 
tectors may appear to be quite simple 
but the amount of design time and 
testing that went into this part of the 
circuit was enormous. In fact, more 
time was spent getting this part of the 
circuit to work properly than was spent 
on the rest of the project, including 
writing the article. 

The line loop detectors are used to 
sense a low resistance loop in the line; 
eg, someone has lifted a handset. 

It was decided that a loop current of 
20-25mA minimum would be required 
to cause the Simulator to accept that a 
call was being made. Looking at the 
line one circuit, we can see that the 
basic telephone circuit is made up of 
+50V, resistor R15, RLY2 contacts, the 
telephone handset itself, RLY2 con- 
tacts, resistor R17 and ground. With 
the telephone on-hook, the line ap- 
pears as an open circuit to the ex- 
change and as such, no voltage is de- 
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veloped across R17. 

When the telephone handset is 
lifted, a low resistance loop is placed 
across the TIP and RING of socket J1 
and as current flows through the loop, 
a DC voltage is developed across re- 
sistor R17. Just how much voltage de- 
pends on the type of telephone, mo- 
dem or whatever is making the call. 
But in any case, we need to produce 
around 12V across R17 to get our 20- 
25mA flowing through the circuit. 

When the voltage across R17 reaches 
or rises above this level, the loop de- 
tector comes into play. Zener diode 
ZD2 conducts via diode D13 and feeds 
current into the base of transistor Q9 
to turn it on. This pulls pin 23 of IC1 
low, which signals to the processor 
that a call is under way. 

"So what's so hard about loop de- 
tection?" you may ask. Well not much 
at this point but let's go to the other 
end where after the correct number 
has been dialled by the calling end, 
bursts of 50Hz ring current are fed out 
to the called telephone. 

The exchange is now in calling 
mode and is sending bursts of 50Hz at 
200V peak-to-peak imposed on 50V 
DCatone instant and then in the next, 
is sending 50V DC to line. This means 
that at any time the called end an- 
swers the call, the telephone may be 
seeing anything between +150V to 
-50V in the ring cycle or straight 50V 
DC. In any case we want the exchange 
to answer the call within a short time 
and to turn off the ring current. 

To help with the explanation, let’s 
divide this up a bit. 

Case 1: Relay RLY4 is not operated 
as we are between ring bursts, thus we 
are sending 50V DC to line. The cir- 
cuit path is now +50V, R16, RLY4 


contacts, the telephone, RLY4 contacts, 
resistor R21 and ground (ie, OV). 

No current flows in the loop until 
the telephone is answered at which 
point more than 12V appears across 
resistor R21. This causes zener diode 
ZD1 to conduct via diode D9, causing 
base current to flow into transistor Q8 
which now turns on. This pulls pin 
22 of IC1 low; the processor is now 
signalled. 

Case 2: Relay RLY4 is operated as 
we are sending ring current to the 
line. The circuit path is now «50V, 
ring transformer T1, RLY4 contacts, 
the telephone, RLY4 contacts, resistor 
R21 and ground. 

Remember, at this point the tele- 
phone is unanswered but a capacitor 
in the phone passes the AC to the 
bells or ringer and causes voltage fluc- 
tuations across resistor R21. These may 
well be enough to turn on the line 
loop detector if the voltage rises above 
+12V, causing the exchange to think 
the phone has been answered. 

This is where the problem lies, as 
how can the exchange tell if the call is 
being answered or it is being tricked 
by the ring current? The answer lies 
in the software. 

Let’s assume that the capacitor in 
the phone is quite large and is causing 
а 50Hz AC signal to appear at the line 
loop detector. This in turn is causing a 
signal to be sent to the processor. Any- 
thing above 12V will cause the line 
loop detector to be on and anything 
below 12V will cause it to be off. 

As the 50Hz AC ring signal is sym- 
metrical, the іпејоор detector will be 
on for less time than it is off. How can 
this be? Well, a complete cycle takes 
20ms so each peak is active for 10ms. 
This would normally send a square 
wave to the processor but as we need 
to reach +12V before the loop detector 
operates, the signal to the processor 
now has a longer on time than off 
time. When the call is answered, the 
line is biased positive by the +50V rail 
on one side of transformer T1. 

This has the effect of lifting the line 
DC potential and causing the line loop 
detectors to be more on than off. The 
signal to the processor now has a 
longer off time than on time. During 
the calling cycle the processor is do- 
ing what we will call a data acquisi- 
tion on its associated line loop detec- 
tor port pin. In this case, line two's 
line loop detector is being read by the 
software at 800 times a second and a 


record is kept of its on and off 
times. This information is sent 
through a subroutine in soft- 
ware and if the conditions are 
right the call is deemed to be 
answered. 


Power supplies 


The Telephone Exchange 
Simulator requires five differ- 
ent supply rails to work prop- 
erly and these are derived 
mainly from a 12V AC trans- 
former. The different sections 
are described below. 

The logic side of the board 
draws around 150mA and its 
5V rail is derived from the 
12V secondary winding using 
a half-wave rectifier D1 and a 
2000uF filter capacitor C26. 
This feeds 3-terminal 5V regu- 
lator REG1. 

There are two 12V supplies 
one of which powers the au- 
dio section of the circuit in- 
volving dual op amp IC2 while 
the other 12V rail powers the 
relays. Separating the relay cir- 
cuitry from the op amp sec- 
tion helps reduce noise and 
distortion. 

The first 12V source is de- 
rived via diode D2 and ca- 
pacitor C30, while the second 
12V rail source is derived from 
diode D1 and capacitors C25 
and C14. 


+50V supply 


Three diodes, D6, D7 & D8 
and three capacitors C22, C23 
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& C24 make up а voltage 
tripler from the 12VAC and 
this produces around 50VDC. 
This voltage is used to drive 
the telephone handsets and 
provide our speech path to the other 
end. 


200V supply 


The voltage to ring a standard issue 
Telstra phone is quite high and con- 
sidering a customer could be over 4km 
from the exchange a voltage of 200V 
peak-to-peak (70V RMS) is required. 
The simplest way to provide this is to 
use a step-up transformer fed from 
6VAC. 

Notice that one side of the output 
winding is tied to +50V DC so that if 
the called end is answered in the mid- 
dle of a ring burst, the simulator will 


stop sending ring current in a very 
short period. The two line relays RLY2, 
and RLY4 were needed to totally iso- 
late the high voltage from the rest of 
the circuit. 


Watchdog circuitry 


The watchdog circuitry is used to 
prevent the processor from "locking 
up" and thereby causing the unit to 
become inóperative. The circuit em- 
ploys a 555 timer IC4 which is used in 
an astable mode to reset the processor. 
If allowed, IC4 would oscillate at a 
frequency of about 0.25Hz, as set by 
the values of R18, R26 and C15. 


Fig.2: the component layout of the PC board. The LEDs are bent at rightangles to 
protrude through the front panel. 


When the processor is running prop- 
erly, it toggles its EXCHANGE OK port 
pin every second or so which tempo- 
rarily turns on transistor Q5 and dis- 
charges C15. 

While C15 is unable to charge via 
R18 and R26, the output of the 555 
timer stays high, allowing the proces- 
sor to continue normal operation. If 
the program were to lock up, Q5 would 
remain off and allow C15 to charge 
thus switching pin 3 of the 555 low. 
The reset line of the processor would 
now be pulled low via diode D11 and 
is held low until the 555 changes state. 
Atthis point the processor starts again 
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SILICON 
SHIP 
SILICON CHIP SOFTWARE 


Now available: the complete index ю 8 
all SILICON CHIP articles since the first 
issue in November 1987. The Floppy 
Index comes with a handy file viewer 
that lets you look at the index line by line 
or page by page for quick browsing, or 
you can use the search function. All 
commands are listed on the screen, so 
you'll always know what to do next. 
Notes & Errata also now available: 
this file lets you quickly check out the Notes & Errata (if any) for all articles 
published in SILICON CHIP. Not an index but a complete copy of all Notes & 
Errata text (diagrams not included). The file viewer is included in the price, so 
that you can quickly locate the item of interest. 

The Floppy Index and Notes & Errata files are supplied in ASCII format on a 3.5- 
inch or 5.25-inch floppy disc to suit PC-compatible computers. Note: the File 
Viewer requires MSDOS 3.3 or above. 


ORDER FORM 


Floppy Index (incl. file viewer): $A7 


Notes & Errata (incl. file viewer): SA7 


Alphanumeric LCD Demo Board Software (May 1993): $A7 


Stepper Motor Controller Software (January 1994): $A7 


Gamesbvm.bas /obj /exe (Nicad Battery Monitor, June 1994): $А7 


Diskinfo.exe (Identifies IDE Hard Disc Parameters, August 1995): 5А7 


Spacewri.exe & Spacewri.bas (for Spacewriter, May 1997): SA7 


Q 
a 
a 
Q 
а 
а 
а 
а 


VO Card (July 1997) + Stepper Motor Software (1997 series): SA7 


POSTAGE & PACKING: Aust. & NZ add $A3 per order; elsewhere 545 
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Disc size required: Cl 3.5-inchdisc  [5.25-inch disc | TOTAL $A 


Enclosed is my cheque/money order for $A 
О Bankcard О VisaCard 0 MasterCard 


or please debit my 


Card No. 


Signature, Card expiry date. 


Name 


PLEASE PRINT 
Street 


Suburb/town Postcode 


Send your order to: SILICON CHIP, PO Box 139, Collaroy, NSW 2097: or fax your order 


to (02) 9979 6503; or ring (02) 9979 5644 and quote your credit card number © 


(Bankcard, Visa Card or MasterCard). 
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and continues its pulsing of its port 
pin. 


Audio monitoring 


When testing equipment, it is use- 
ful to hear what is being sent from the 
calling end or even from one caller to 
another. With DTMF dialling, tones 
are sent from the telephone to the 
exchange and are decoded by a spe- 
cial chip. If you suspect yourtelephone 
or modem is not sending DTMF you 
will be able to pick it up. 

Capacitor C18 is used to provide 
DC isolation between op amp IC2b 
and the external telephone circuit. 
When an AC signal appears (due to 
DTMF, tones or voice) across C18 they 
are amplified by IC2b. This op amp 
drives a complementary output stage 
consisting of transistors Q6 & Q7 and 
these drive the loudspeaker via cou- 
pling capacitor C28. 


Relay driver 


Under normal conditions the proc- 
essor's port pins are low, thereby leav- 
ing the relay driver transistors in the 
off state. When the processor wishes 
to enable a relay its associated port 
pin goes high and causes base current 
to flow to the transistor which turns 
on to operate the relay. The diode 
across each relay coil prevents any 
spikes from damaging the associated 
transistor when it turns off. 


Tone injector 


When making a call, certain tones 
are sent to the calling end to inform 
the user as to what's happening; eg, 
ring tone, busy tone or no progress 
tone (wrong number). The tones are 
injected in the following way. One 
port pin is used to try and reproduce 
all of the tones required. This process 
comes pretty close to doing what we 
want. 

IC2a is configured as an amplifier 
with its gain set by trimpot VR1 and 
resistor R10. The signal waveform 
from the processors is rounded off by 
R32 and C6 and it is then coupled by 
C29 to the op amp which amplifies it 
and sends it out to line via R13 and 
C7. 


DTMF detection 


DTMF (dual tone multi frequency) 
detection is done using IC3, a Motorola 
MC145436 tone decoder which re- 
ceives the incoming tones via a filter 
network comprising resistors R12 & 


Inside the Telephone Exchange Simulator. Note that the PC board and wiring 
layout of the prototype pictured here has been fairly significantly modified in 
the final PC board depicted in Fig.2. 


R14 and capacitor C11. When a valid 
tone is detected the DV line (pin 12) of 
IC3 goes high, signalling to the proc- 
essor that a digit is being pushed. At 
this point the processor enables the 
decoder's output pins by taking the 
EN line high (pin 3) and reads in the 
data. 


Assembly procedure 


Most of the circuitry of the Tele- 
phone Exchange Simulator is accom- 
modated on a PC board measuring 
161 x 128mm. The components off 
the board are the power transformer 
and speaker. 

By the way, the prototype shown in 
the photos has undergone a number of 
fairly substantial changes so the as- 
sembly notes apply only to the circuit 
of Fig.1 and the PC component layout 
of Fig.2. Note also that the prototype 
photos show two power transformers 


inside the rear panel but the final ver- 
sion uses just one power transformer. 

You can begin the PC board assem- 
bly by mounting the four standoffs, 
one on each corner of the board. Next, 
all of the resistors, links relays, diodes 
and capacitors can be soldered in. 
Screw the 7805 regulator to the heat- 
sink with the screw, washer and nut 
provided and solder this into place. 
The remainder of the components, 
with the exception of the ICs can then 
be mounted. 

This done, mount the two telephone 
sockets and transformer and glue the 
speaker onto the side of the case with 
some silastic. 

You will need to drill holes for the 
mains fuse and cordgrip grommet for 
the mains power cord. The mains wir- 
ing can be run, taking care to insulate 
with heatshrink any exposed termi- 
nals. Don't forget to attach the earth 


wire to a solder lug separately bolted 
to the case rear panel. An earth wire 
should also be run from this point to a 
solder lug securely bolted to the front 
panel (not shown on photo of proto- 
type). 

Temporarily connect up the sock- 
ets, speaker and transformer with 
longer pieces of wire to enable you to 
test the board out of the case. 


Testing 

Before proceeding, it is well to note 
that although the ring transformer (T1) 
looks fairly insignificant, it puts out 
quite a bite if you get caught across its 
output. I found this out the hard way! 

Without any ICs plugged in, turn on 
the power and check voltages around 
the board, especially the supply rails 
to the processor. If all is OK, turn off 
the power and plug in the ICs. Turn on 
the power again and use a small screw- 
driver to short out the TIP and RING 
connectors of each telephone line in 
turn. Each time you do so, the LOOP 
LED for that line should come on. 
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Use cable ties to neatly secure the wiring and insulate the terminals of the 
fuseholder with heatshrink tubing, to prevent accidental contact with the mains. 
Be sure to earth both the front and rear panels of the case (see text). 


Plug a phone in at each end and lift 
one of the receivers. Listen for dial 
tone and use trimpot VR1 to set the 
tone to the desired level. If the tone 
level is too high, you may swamp the 
DTMF from the phone, causing the 
Exchange to miss any dialled digits. 

Also at this time use the volume 
control (VR2) on the front panel to set 
the volume coming out of the speaker. 
With the receiver off hook, hit some of 
the keys on the telephone and listen 
for tones through the speaker. If all 
seems well, you can shorten the wires 
and solder them to the posts. If you 
have connectors that are spaced at 0.1 
inch you can use these instead of hard 
wiring. 


Storing a telephone number 
As this is a two-line telephone ex- 
change simulator we need a telephone 
number for each end. These are stored 
in the serially fed EEPROM, ICS. Pick 
up one end and wait for dial tone. Hit 
*6805 and wait for two beeps before 
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dialling in your telephone number of 
up to 20 digits in length. When this is 
done, hit the # button to terminate 
and wait for two beeps. You have now 
programmed that extension with its 
own number. Do the same for the other 
end and yes, you are allowed to have 
the same number at both ends. 


Detailed talk-through 


For this procedure we'll assume a 
phone is plugged in at each end. 

Lift the handset for line one. This 
causes a voltage of more than 12V to 
appear across the line loop detectors, 
thus signalling the processor. 

The exchange now realises that you 
want to make a call so it switches 
RLY1 over and starts injecting Dial 
tone out through its port pin, through 
op amp IC2a where it is amplified, 
through RLY1, through C1 and out to 
the line. 

Al the same time, the tone is also 
fed to op amp IC2b via C18 and R27 
where it is amplified and buffered by 


transistors Q6 & Q7. This audio is 
now heard through the speaker. The 
user starts dialling and the tones are 
passed by C1 back through RLY1, 
through C10 and the filter network to 
the DTMF decoder, IC3. Once a tone 
pair has been recognised, DV (pin 12) 
on the MC145436 goes high, signal- 
ling to the processor to get the data іп. 
The digit is retrieved and stored until 
the whole number is complete or un- 
til it gets a wrong digit, at which time 
the “No progress" tone is sent back to 
the caller. 

Once the correct number has been 
loaded, the exchange starts toggling 
RLY4, causing bursts of ring current to 
be fed out to line. Also ring tone is 
sent back to the user to indicate what 
is happening. If the second phone is 
answered, the line loop detector sig- 
nals to the processor to stop sending 
ring current and RLY4 remains in its 
normal state. 

The ring tone is stopped and RLY3 
operates, causing a speech path to be 
established. The callis now complete. 
During the progress of the call the 
LEDS on the front panel will be oper- 
ating to indicate the progress. | SC 


The best "value for money” CCD 
camera on the market! Tiny CCD 
gamera, 04 ШЫН responsive, high 
resolution. It has а metal lens housing 
and glass lenses, & performs better than 
many cheaper models. 


WITH YOUR CHOICE OF ONE OF THE 
FOLLOWING LENS 


Pinhole (60deq.), 
78 deg.; 92 deg.: 

120 di < 
| $99 with а 150 deg. м 


THE BONUS??? 
YOU CAN BUY UP TO ONE OF EACH 
REDUCED PRICE SHOWN. 


CASE AND SWIVEL 
| А small plastic case 

| suitable for enclosing the 
| CCD camera, plus a very 
strong multi angle and position 
plus screws: $6 - $4 


UHF A-V MODULATOR 
Professional tuneable 

UHF A/V modulator with 
| built in Antenna booster 


Rs. 
parts fora 5V regulator $18-$14 


UHF A-V TRANSMITTER 
Metal enclosed with tele- 
scopic antenna, A/V leads; 
supplied: $30 - $20 


| AUDIO PREAMPLIFIER 
‘Small kit which includes a microphon 
Gives Line level output for use with the 
above Modulator or transmitter: $8 - $5 


AUDIO POWER AMPLIFIER KIT 
А small LM386 based power amplifier kit 


ЗА 


| the above Preamplifier: $9 - $6 


IF YOU PURCHASE THE CAMERA 
OF THE FOLLOWING ITEMS AT THE | 


adjustable universal joint swivel bracket | 


and a test pattern generator: As used in 
| VCR's. With each unit we also supply 


DNA 
©. 


that can directly drive а speaker, needs 


BL HER ae ea eee 
New Windows/95 compatible (DEC | 
ES. etherworks LC/TP) DIGITAL 
[brand Ethemet computer cards with 
Software and booklet in original box. 

| Cards include boot ROM so one of the 
| computers does not even require a hard 
|дізс. We dont supply the commonly 
available cable which can also be made 
[up with RJ45 connectors and two 


twisted wire pairs: Diagram included. 
ited quantity: $50 for a pair. 
Е EE cdi hel 


VIDEO TELESCOPE FOR PI'S 
REMOTE VIDEO SURVEILLANCE 
A suitable adaptor + a used 35mm lens. 
Excellent for iow angle and low light 
Conditions. Would suit Pl.s. or hobby 
Astronomers. Amazing performance at 
| great distances. 


USED GIANT DISPLAY | 
12 large 5x7 LED dot matrices (38 X 52 
mm), very bright, in housing, 240Vac, 3 
wire control lead, no info: $40. 


12V/7Ah GEL BATTERY BARGAIN 

| Fresh stock standard battery plus one 
GEL/LEAD-ACID BATTERY CHARGER 
for: $30 

NEW!!! COMPUTER CONTROLLED 
STEPPER MOTOR KIT 

New improved kit that can drive larger 
Motors and has optoisolation between 
the circuit and the computer. 0825 


ponents kit plus software and notes: $39 | 
Or $49 with two used 1.8deg. motors Її | 


CGA COLOUR MONITOR 
New 12V DC-1A 6" colour monitor, 
ready for enclosing, по box, just the tube 
and driver PCB's: 


DC MOTOR SPEED CONTROL | 


| hetrodyne 


ЕЕ _АЗЕН DIODE MODULE KIT 
SmW/6500M kit is the same as our 
"Visible laser diode kit" but has a much 
smaller PCB. Overall dimensions of the 
module are 15mm X 40mm long: $20 


AUTOMATIC LASER LIGHT SHOW KIT 
The display changes every 5-60 sec, 
The time is adjustable. Countless 
possible interesting displays varying 
from single to multiple flowers, col- 
apsing circles, rotating single and 
multiple ellipses, stars, etc. PCB + all 
PCB components, three motors & 
mirrors 


CALLER ID 

‘See the phone No. of incoming calls dis- 
Played on a LCD screen when the 
phone rings. 90 call memory & dialler: 
555. Or a phone with caller ID: $99 


LASER POINTER KIT SPECIAL 
650nM 5mW, 3-4V, 
Case 125 x 39 x 25mm, 
lens, battery holder. 
NOWJUSTS20 — 


650nM LASER POINTER SPECIAL 
Light weight (2XAAA) pen sized pointer 
with 5mW/650nM laser diode, 140mm 
long, 18mm diameter: $32 


NICAD CHARGER & DISCHARGER 


Quality switchmode 7.2V Nicad Charger | bel 


(Discharger PCB assembly. 13.7Vdc 
unregulated при @ 900mA. Seems to 


LONG RANGE UHF REMOTE CONTROL 


We have new very small UHF Super- 
receiver modules апа 

Q Saw resonators on 49392 
MHz. (25mW power limit!).The range ої 
Our prototype Tx-Rx was approx. 1Km! 
The first Will be a 2 ch. remote control 
for approx. $55: (1 Tx + 1 Rx) 


matchin, 


65 Or with above kit for $7911 


—— THE BRIGHTEST WE'VE OFFERED, 


б 


ААА 
- LARGE SUPPLY FOR THE STEPPER 


12V DC LIGHTING SPECIAL 

Very efficient and properly driven fluo- 
rescent white light! Tubes last because 
| the filaments are heated! Inverter kit can 
drive up to three 11W Compact Fluo- 
rescent lamps (CFL's). Kit plus one 
| 11W CFLS25. extra CFL $11Ea. 


LEARNING UHF REMOTE CONTROL 
NEW!! This small built key-chain trans- 
mitter that can learn up to 4 channels 
from almost any (Not code hopping} 
UHF remote control in the range of 
280-460mHz! No track cutting or DIP 
Switches. With tuning LED: $39 


NEW 650nM LASER MODULE 
650nM laser diode! Very small, 35mm, 
10mm diameter, З to 4.5V: $32. | 


SUPER BRIGHT BLUE LEDS 


Super bright at 400mCd $1.50 ea. 10 for 
$10..5mm LEDS AT SUPER PRICES 
1С9 red 10 for $4,,.300mCd green $1.10 
ea. or 10 for $7,..3Cd red $1.10 ва, or | 
10 for $7,..3Cd yellow also in 3mm: 10 
for $9 ; Super bright...FLASHING LEDs: 
$1.50 га. ог 10 for $10...(Make small 


torch! mix the red green & blue) 
MORE KITS 
Geiger counter:$40,...Breath — test 
$40, Music box: $11,..Ding dong door- 


LCD CHARACTER DISPLAYS In stock! 
Std 4 line X 32, МЕС D7227G IC's.: $18 
AUDIO LASER SCANNER KIT. 

Great patterns that depend on the sound. 
Or music picked up by an electret 
microphone. Inc. PCB, components 
microphone, 2 motors & 2 mirrors: $44 


|DRIVER....USED POWER SUPPLIES 


TIME LAPSE RECORDING INTERFACE. 
New kit, now has relay contact outputs! 
Can be directly connected to а VCR or 


EXPERIMENTERS PACK 
ONE 20A motor speed controller kit 
(similar to SC - Jun.97-$18) plus two 


Available late Feb. 
10mW 640nM LASER DIODE!!! 
Finally a diode to suit LASER LIGHT 


Part enclosed, "C" core transformer with | 


shield,Primaries:100-200-220-240V, 
9.5V-1.5A, 


secondaries: 24V-8.5A, 


Via a learning remote control: $30 - $20 
РІВ MOVEMI 
to suit.very small: $15 - $10 


LED IR ILLUMINATORS KITS 
10 LED: $14 - $10, 30 LED: $30 -$20 


HIGH RESOLUTION MONITOR 
|Brand new 240V 30cm enclosed 
computer monitor + a video conversion 
| kit. Gives 
Бейеггев- ү 
olution than 
ТУ! Avail. 
early Feb. 
Limited but 
роза, 
ARGAIN 
PRICE. 


| 


ENT DETECTOR module 


Small new 12VDC motors (40mm dia., 
{тт length) plus опе used car 
windscreen wiper motor (which have 
| internal gear reduction) for: $32 


УУ SEMICONDUCTOR BARGAINS 
25К2175 - MOSFETS 15A, T0220, 60V, 
30W: 10 for $15, CA3140 - MOSFET 
[input op amp : 5 for $5, TL494 - 
| switchmode power supply IC : 5 for $5, 
| NEBBS - timer IC : 10 for $5, ICL7106 - 
LCD display driver : $5, ICL7107 - LED. 
display driver : $5, IRFZá4 MOSFETS 
| 80V,0.028ohm on resistance,50A: 10 for 
$30 C8050 and C8550 transistors: 20 
for $5, CMOS IC'S 4001/ 11/ 13/ 16/ 17/ 
| 20/ 24/ 28/ 40/ 46/ 60/ 66/ 69/ 93 Any 
| mixture 10 for $8. 


MINIATURE CCD CAMERA 1 
| Where concealment or 
size is important. 
What about this!!! 
smaller than 
most ladies 
lipsticks 


4 X 40mm 


NEW 12V SOLAR REGULATOR. 


battery chargers, 
| generators etc. Low cost due to the use 
of some unused recycled components. 
| Complete kit includes a casel: $22 


CCD IMAGE SENSOR 
High quality "Thomson" brand 2/3" ССО. 
image sensor, уре TH7863, with full 
| data but no, usable response from 400 
to 1100nm, 12000 dynamic rar 
optics compatible format: $95, 
aplication notes may be availabi 


NICAD BATTERY SPECIAL 

New 1.2V-400mAnr cells wired in packs 
Of 6, each pack has а thermal cut out 
Switch, вас! 

Used 'in mobile phones, 
(30batteries) for: $10 


5 packs 


Special introductory price of... $199 


cell is 16X45X5mm, as | 


GREEN DIODE LASER HEADS 
Green 532nM output heads. Very bright 
Output at the peak response of а human 


eye, much brighter than equal powered 
Blue Argon lasers. These Smplóy an IA 
laser diode pumping а Yag rod, the 
‘output of which is applied to a frequency 
doubling crystal. Require an adjustable 


UNIDIRECTIONAL ELECTRET 
MICROPHONE 

New quality product 

with clip, 3M lead, 

2.5mm plug: $4 Make 

a stage quality wireless 

microphone by combining 

it with our FMTX MK? trans-mitter ki 
$16 for the kit plus the microphone 


DOG SILENCER 

| We have a new improved high power 
swept ultrasonic generator kit that can 
drive up to 4 piezo tweeters. Works on 
dogs and most animals. PCB and all 
On-board components and horn piezo 
tweeter: $33, extra tweeters S7 ea. 
Suitable 13.8V-1A DC plugpack $10. 


(pattern generators ) on this page. 


SHOW. brighter than large He-Ne 
tubes!li Avai. April: $69 М 
Driver kit, housing & ЛГ 
lens available. Reduced ~ (0 
prices when purchased with О 
the two laser deflection 


STEPPER MOTOR DRIVER KITS 

Kit includes а large used 1.8469. (200 
step / rev) motor & used SAA1042A IC. 
Can be driven by external or an оп: 
board clock; has a variable frequency 
Cock generator. Ex switches (noi 
provided) or logic levels from a 
‘computer etc set CW or CCW rotation, 
half or full step operation, operation 
enable/disable,clock speed. PCB and all 
on-board components: $18 for kit with 1 
Motor, $28 for kit with 2 motors. 


‘SWITCH MODE POWER SUPPLY 
Compact ( 145 X 80 X 50mm ), in a 
perforated metal case, 240V AC in, 12V 
C/2A and 5МОСІБА out: $17 

BRAND NEW LASER ENGINE 
Complete laser engine as used in laser 
Printers. Includes a Polygon scanner 
motor with Xtal controlled driver PCB, 
5mW/780nM laser diode in collimated 
housing mirrors, lenses etc. Info on how 
to make the motor and laser operational 
included. Bargain at $35 


MASTHEAD AMPLIFIER KIT 
Our famous MAR-6 based masthead 
amp. 2-section PGB (power supply sec. 
can be indoors): kit $15. Plugpack: $6 
Weather-proof box:$2.50. Box for power 
supply: $250 Habbit-ears ant $7 
IAR-6 avail. sep.) 


LL OF OUR КТЗ 
All kits come with quality made PCB's 
with screen printed component design- 
ation & solder mask. They are 
accurately drilled and saw or router cut, 
NOT guillotined! No rough edges! 

We do all of this to make construction 
easier & so you can be proud of the 
quality of your finished project! 


( 


9.5У- 4A, 5KG, mains filler, 
fuseholders, rectifiers an. 


NICKEL METAL HYDRIDE (NiMh) 
Rechargable 1.2V cells. Like NiCads but | 
higher cap. From new equip. guaran- 
teed, 48mm X 16mm diam,: 8 for $4 


| 115УАС "MUFFIN" FANS NEW 
|50/60Hz, 0.20A, shaded pole motor, 
| metal. plastic blade, 40mm thick: $4. 


NEW DIGITAL BAR CODE WANDS 

USA made wands. Sapphire tip, curly 
cord & 5pin DIN plug. converts bar 
codes to a digital pulses, 0.19mm spot 
[size is. Open collector output TTL / 
CMOS compatible needs 5V supply. $45 


MOTOR PROTECTORS / MONITORS: 

Suits 3 phase motors up to 1000V / 
1000A shows thermal, mechanical & 
electrical fault conditions, can be used 
аз а shearpin, consists of motor 
protection шї buit in current 
transformers (wires pass through, no 
connection physical motor wires), A 3m 
cable links it to a monitor with а 6 digit 
LCD in- dustial quality, made in Holland, 
| new, at a fraction of new cost: | 
$200 for the pair. 


| MAGNIFIERS / LOUPES 

Jewellers eye- piece with a plastic lens: 
$3.... 50mm $8, 75mm $12... 10mm 
$15. SPECIAL: The set of four for $25. 


seme IT OF THE MONTH" | 
Itis difficult for us to coordinate advertis- | 
ing of kits in the two mags (one of which | 
your reading now). Check our Web Site | 
in week two of each month to see which 
new kits we will release that month, 


OATLEY ELECTRONICS 


PO Box 89 Oatley NSW 2223 

Ph (02) 9584 3563 Fax 9584 3561 
orders by e-mail: oatley@world.net 
http://www.ozemail.com.au/-oatley 
major cards with ph. & fax orders, 
Post & Pack typically $6 


wite! 
г са; 


4 
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AST Notebooks 
have 3-year warranty 

I have just read the Serviceman’s 
Log: "Encounters With A Notebook 
PC", from the December 1997 issue. I 
repair and service AST and NEC 
laptops at work and was a bit sur- 
prised at what happened and the time 
wasted repairing the Notebook. 

In general, AST and NEC Notebooks 
have a 3-year warranty and even if the 
notebook is out of warranty, there are 
parts available new or “rotate” (re- 
paired parts that are swapped out at a 
lower cost). Most repairs for AST Note- 
books can be done in a few days, de- 
pending on parts in stock. 

For a simple phone call to AST, the 
repair may have been done under war- 
ranty and the job may have been done 
in about half an hour plus time to get 
the part but there again, some of the 
customers do not know how long the 
warranty period is. 

S. Reynolds. 

(No address supplied). 


Kelvin not degrees 

With regards to the story on lighting 
in the December 1997 issue of SILICON 
СНІР, the author made numerous men- 
tions of temperature. The author incor- 
rectly, on a number of occasions, de- 
scribed temperature being in degrees 
Kelvin. This should be only Kelvin, 
not degrees Kelvin, Kelvin is a mea: 
urement of absolute temperature — it is 
not degrees at all. 

A. Miles, 

Bayswater, Vic. 


TENS electrodes 
available cheaply 

I have been buying SILICON CHIP 
since its “birth”. In the Mailbag (No- 
vember 1997) I came across a letter 
from J. Cowan, regarding the availabil- 
ity of the TENS electrodes. It is true 
that they are hard to get. But the price 
—from the indicated supplier — із rather 
steep. Since Тат now a major designer 
and manufacturer of health related elec- 
tronic equipment, I buy these pads in 
bulk so [know their true cost. (I supply 
them with several of my products). 

Perhaps you could let your readers 
know that I can supply these pads for 
$8.00 a pair, plus $2.00 postage and 
handling. I can also supply the leads, 
red and black, with 2mm plugs on one 


MAILBAG 


end and 4mm banana plugs on the 
other, $7.00 a pair. (I don't like using 
phone jacks; they are unreliable). 

Les Banki, Water Fuel, 

18 Springfield Rd, 

Springvale, Vic 3172. 


Copyright must be 
preserved on CDs 

Your December 1997 editorial on the 
subject of compact discs sharply dem- 
onstrates your lack of knowledge of 
the proposed legislation changes and 
of the mechanics of the music indus- 
try. Yes, I am pushing a barrow, I have 
been involved in the music industry 
for ten years, as a performer, recording 
engineer and technician. I have also 
had dealings with five different record- 
ing companies (local and international) 
and am a member of the Australian 
Performing Rights Association (APRA). 
Now you can easily dismiss me as bi- 
ased, but I'll keep writing anyway. Now 
to your comments. 

$30 is too much for an audio CD 
while CD-ROMs are almost given away, 
true (especially since the wholesale 
price of a CD from a major company із 
only $20). The difference between the 
two is that the free CD-ROMs are full of 
shareware; that is, you only get a lim- 
ited version of the software and are 
expected to send off a registration fee 
ifyou want to use all the features of the 
program. 

The equivalent in musical terms 
would be if you could give away a CD 
that only plays the first 20 seconds of 
each piece of music until you enter 
your serial number. Have you noticed 
that a top-of-the-line CD-ROM costs 
from $50 to $80 (or more if you're 
buying serious software)? The pointis, 
you're not paying for the price of plas- 
tic, you're paying for the software on 
it, be it data or music. 

Companies like Naxos can produce 
cheap CDs but look at their list of com- 
posers. Decomposers is probably more 
accurate, as they have all been dead for 
at least fifty years, so Naxos, Harmonia 
Mundi, etal, don’t have to worry about 
paying royalties. As their releases are 
classical, which unlike popular music 
is a small but stable market, they have 
few dud releases; they don’t have high 
profile advertising, minimal sleeve art- 
work costs and the musicians involved 
don't feel they have to spend three 


months in a hideously expensive re- 
cording studio just so they can sound 
decent (says something about the aver- 
age quality of musicianship, doesn’t 
it?). 

The price of blank CDs is amazingly 
low for any storage medium, true. And 
if you have the expertise to put to- 
gether a top quality recording of origi- 
nal and interesting music, then go 
ahead, good luck to you. I suspect, 
however, that like most people, you 
are not capable of writing music, or 
playing all the instruments (or pro- 
gramming, if you like samples), or pro- 
ducing a crisp, pleasing recording. 

Blank CDs certainly are being used 
for music piracy but so are Digital Au- 
dio Tapes. The difference is the price 
oftheblank medium. DAT blanks have 
a levy on them specifically because of 
their ability to render perfect digital 
copies; no such levy exists on blank 
CDs. 

You can buy cheap records overseas 
but only in parts of the world where 
copyright doesn't exist (you know 
copyright; it's that thing that stops your 
competitor copying your design and 
passing it off as their own. Electronic 
engineers may think they are the only 
people who deserve to have their work 
protected but the rest of us have some 
rights). 

The Government's plan is to remove 
the notion ofintellectual property from 
music, If that happens, there would be 
nothing to stop a record company tak- 
ing a tape to a different country, press- 
ing 100,000 discs, claiming the record 
didn't sell, declaring the stock "de- 
leted" (written off as a loss on their 
local tax), then shipping the entire stock 
to this country to be sold at whatever 
price the record company sees fit. Their 
costs are paid (excluding shipping), 
they don't have to pay the artist, and 
they are free to sell the discs, under- 
selling local musicians. 

This would be very good for the 
major labels but very bad for the musi- 
cians like myself who only receive roy- 
alties. Incidentally, the royalties I re- 
ceive for each full length album I sell is 
1/18th of the sales tax... “if five per- 
cent appears to small/be thankful I 
don't take it all"? (ack. to Lennon/ 
McCartney). 

Internet sales of music already exist. 
For example, there are two different 
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websites offering bootleg recordings of 
my group’s live performances (“Trout 
Fishing in Quebec”). I wrote the mu- 
sic, I performed it, but am I rewarded 
forthe continued sales of that perform- 
ance? Do I even have a say in whether 
I want that recording released? No, 
they are pirate recordings. The Gov- 
ernment simply wants to legitimise this 
kind of piracy, to let the international 
companies behave in exactly the same 
manner. 

To summarise, I do believe that CDs 
are too expensive. Some of us in the 
music industry are trying to work out 
ways of bringing down the prices but 
the hack and slash approach of remov- 
ing copyright protection will simply 
discourage musicians from recording, 
forcing the already cash strapped stu- 
dios in this country out of business 
and ensuring that the only stock on the 
shelves will be of foreign manufacture. 
(Australia is a signatory to the interna- 
tional convention on intellectual prop- 
erty rights, so there is a question of 
whether such legislation is legal.) 

T. Newsom, Sydney. 

Comment: we have not suggested that 
copyright on CDs should be waived. 
Given that copyright fees are such a 
small proportion of the retail price of 
CDs, we see no reason why CD prices 
can not be reduced markedly while 
still maintaining copyright fees to the 
composers. 


No problem with 
Millennium bug 

Tread with interest your editorial in 
the January 1998 issue and, like you, I 
wonder how much of the hype is due 
to the old snake oil salesman element 
in the computer industry. 

Everywhere you turn these days one 
finds people telling you to set the time 
and date on your PC to a few minutes 
before midnight on December 31, 1999, 
turn the computer off and turn it back 
on again a few minutes later and check 
the time and date to see if the PC is 
year-2000 compatible. I would suggest 
that this may not give the full story. 

Town a 486/66 and I decided to cold 
boot the computer and run Setup. I 
then set the time and date to just before 
midnight December 31, 1999 and 
watched what happened in real time. 
In my case, the PC jumped back to 
January 1980. If [had gone no further I 


would have been left with the opinion 
that my PC would not cope with the 
next century. However, while still run- 
ning Setup, I manually entered the year 
2000 which it was quite happy to ac- 
cept. 

Isaved the changes and rebooted the 
computer and when I checked the time 
and date at the “C” prompt it correctly 
showed January 1, 2000. I opened 
MSWord and it also was quite happy 
with the new date. When tested, the 
computer was also quite happy to go 
from one day to next in the year 2000. 

It would seem, therefore, that the 
only year 2000 problem I have is that if 
I still have this PC in the next century, 
I will have to tell it manually when 
January 1, 2000 arrives. Like yourself, 
maybe I am missing something here 
but I think not. 

E. Barton, 

Lower Templestowe, Vic. 


Millennium bug 
is a big problem 

I refer to your editorial in the Janu- 
ary 1998 issue. It seems that, like most 
users of computers these days, you've 
adopted the notion that the term com- 
puter is exclusively synonymous with 
the term PC. In fact, an enormous 
amount of data processing is still done 
using relatively ancient software, on 
machines either nearly as ancient or 
on ones designed as drop-in replace- 
ments for them. 

Much of our banking and credit card 
processing is done this way. Possibly 
the most notorious example of this is 
the aircraft control systems used at 
many of the major US airports. They 
still use 1960s vintage Sperry comput- 
ers (direct descendants of the original 
UNIVAC machines), because nobody 
can figure out how to replace them 
without shutting down the entire US 
air transportation system! 

You imply that the millennium bug 
would probably apply mostly to “some 
old COBOL-based accountancy and 
other software”. In fact, many large 
financial institutions typically depend 
on huge “suites” of thousands of pro- 
grams, all written in COBOL, many 
dating back to the 1960s! True, PCs are 
widely used in a “front end” sense for 
the actual data input but the occasional 
bug on an isolated user’s machine isn’t 
likely to gum up the works too much. 


The plain fact is that it’s sometimes 
literally taken decades to get the soft- 
ware running reliably and there’s no 
reason to think something written in a 
newer language is going to “settle 
down” any more quickly. Thus they 
have an enormous incentive to keep 
the old reliable software going. You've 
only got to look at the employment ads 
in the computer section of Tuesday's 
"Australian", There's still plenty of 
work for COBOL programmers. 

Asfarasthe millennium bug goes (it 
would be more accurately described as 
the "century bug"), the problem is very 
real. It's not just a matter of people 
getting ridiculous numbers on their 
insurance renewals, either. A major 
source of potential disaster lies in the 
way storage space is set aside for vari- 
ables in COBOL. The default numeric 
data type is the unsigned integer, which 
can hold only positive, whole num- 
bers. 

To save precious memory, in the 
early days programmers used unsigned 
integers whenever they could since 
they only required a single six-bit word 
for each digit. In most cases they would 
have specified a two-digit unsigned 
integer for year calculations, since they 
wouldn't have imagined the software 
would still be in use a century from 
now! 

Unfortunately, when the year clocks 
over to the dreaded “00” the computer 
will start trying to assign negative num- 
bers to these unsigned integers and the 
system will come to a screeching halt, 
displaying the dreaded “ABEND” (Ab- 
normal End) error message. When that 
happens there's nothing you can do 
except call in a programmer to fix the 
problem. At the moment the software 
companies are employing thousands 
of programmers, many in the third 
world, to scan the millions of lines of 
source code looking for such traps. 

Another big problem is that most of 
these programs have been subject to 
countless undocumented kludges and 
“2am quick fixes” to overcome unfore- 
seen problems that may only come up 
once every year or so. So it's not sim- 
ply a matter of resetting the date and 
running some sample data to see what 
happens – Һе problem may not rear Из 
ugly head for months! 

K. Walters, 

Schofields, NSW. 
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Design by BARRY GRIEGER 


Last month we introduced the concept of 
Command Control which enables as many as 
16 locomotives to run on a layout with simple 
wiring. This month we describe the heart of 
the system - the Command Station. 


The Command Station is the brains 
of the Protopower 16 System. It pow- 
ers the handheld throttles, interprets 
their commands and encodes the throt- 
tle information onto the correct chan- 
nel of the serial data stream. Most 
importantly, the Command Station 


drives the Power Station and this feeds 
the power and the serial data stream 
to the track. 

In effect, the Command Station 
modulates a DC power supply (the 
Power Station) so that the 5.2V serial 
data signal is superimposed on top of 


a constant DC to form a composite 
track voltage of about 16V DC. This 
track voltage is constant over the en- 
tire layout. 

To understand the operation of the 
Command Station we need to refer to 
the block diagram of Fig.1. This looks 
unrecognisable to any model railway 
buff but don't worry as it will all be 
explained. We will start with the mas- 
ter clock. Because the Protopower 16 
must providea stable serial data stream 
it needs a crystal oscillator timebase 
and this is the master clock. It con- 
trols the timing of all functions in the 
Command Station. 


Run your model railway with 


COMMAND 
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240VAC 
+5V 


The LED display consists of four 
LEDs which flash at a slow rate to give 
an indication that the master clock is 
working. 

The master clock drives two circuit 
blocks, a 5-bit counter and a triggered 
ramp generator which we'll come to 
ina moment. 

The 5-bit counter has a number of 
functions. First, it controls the 16- 
channel analog multiplexer. That is a 
mouthful but it can be thought of sim- 
ply asa single pole 16-position switch 
which is being continuously rotated. 
The multiplexer accepts the signals 
from each of the 16 handheld throttles 
and feeds them through, one at a time, 
to the pulse width modulator. 

Secondly, the 5-bit counter drives 
the synch decoder. If you refer back to 


Fig.2 on page 32 of last month's arti- 
cle, you will see that the serial data 
stream consists of 16 pulses followed 
by a synch pause, followed by another 
16 pulses and so on. Well, the 5-bit 
counter generates the pulse stream and 
the synch decoder generates the synch 
pause. 

Going back to the master clock, we 
noted that it also drives the triggered 
ramp generator. The ramp signal from 
this is fed to the pulse width modula- 
tor (IC8b) which compares the selected 
DC signal from the multiplexer with 
the ramp signal. The result is a vari- 
able width pulse corresponding to the 
throttle signal for each channel. 

After the synch pause has been 
added to the pulse train from the pulse 
width modulator, the output signal is 


Fig.1: block diagram 
of the Command 
Station. Key sections 
are the 16-channel 
multiplexer, the pulse 
width modulator and 
the master clock. 


FORWARD 
STOP 
REVERSE 


fed to the line drivers. These are es- 
sentially op amp buffer stages which 
are used to drive the Power Station 
and its auxiliaries, 

Also shown on the block diagram of 
Fig.1 are the various power supply 
functions. 

Circuit description 

Now that we have a broad overview 
of the circuit, we can discuss the cir- 
cuit diagram of Fig.2 and we'll look at 
each section in much the same se- 
quence as we have for Fig.1. 

IC1a, a 2-input NOR gate from a 
4001 quad package, is connected as a 
crystal oscillator, using a 32kHz watch 
crystal. IC1a drives IC1b which buff- 
ers the signal before it is fed to one 
half of a 4520 dual synchronous bi- 


CONTROL 


FEBRUARY 1998 37 


NOILVLS GNVWWOO 


оо! 
мова у 
Wows OMIA X 


00 


et ОНО и] 


лю я 
[pao 


g 
q 
РТ 
z 


ШЕ] 
НО 
ЯНО 
DU 


9 182 & 
Р UD и 


ч 
2] оома 
£0 


азумаоз О 
WOWIXVW 


| о) PAR 
Босна uc PP 


ми 


ШДАД 
та 


то 
о 


ШП 
г 


Ш 


^+ 


O0ZNà 
20 


0047 
@ 


га 
grirNIXZ 


sza | 
wr 


Tuy 
65 
р 
нз 
1х 


xozz: 
ча 


SILICON CHIP 


38 


Fig.2: this circuit accepts the signals 
from up to 16 handheld throttles and 
encodes a serial data stream with 
bursts of 16 width modulated pulses. 


nary counter. The outputis taken from 
pin 6 and is a square wave with a 
frequency of 2048Hz. 

The 2048Hz signal is fed to IC12, a 
4020 14-stage counter which drives 
four LEDs. This counter divides the 
2048Hz signal by 512, 1024, 2048 and 
4096 and the LEDs then flash on and 
off for periods ої !s, 1⁄4, 1 and 1 
second respectively. Actually, this part 
of the circuit is a bit of a gimmick and 
could be omitted, if you want. 

The 2048Hz signal is also fed to the 
base of transistor Q1 which buffers 
the signal to provide the master clock. 


5-bit counter 

Pulses from the master clock, Q1, 
are fed to two 4-bit 74C163 synchro- 
nous binary counters, IC3 & IC4. They 
are cascaded together to create a 5-bit 
counter with the ripple carry of IC3 
(pin 15) connected to pins 7 & 10 
(enable P and enable T) of IC4. 

Outputs QA, QB, QC and QD (four 
bits) are taken from pins 14, 13, 12 & 
11 of IC3 and used to control two 4051 
8-channel multiplexers (ІС & IC7) 
which together form the 16-channel 
multiplexer depicted in Fig.1. Pin 3 of 
both 4051s is commoned, to form the 
output of this 16-way switch. 


Synch decoder 

Now the question is, if we only 
need 4-bits from the counter to con- 
trol the 16-channel multiplexer, why 
do we need a 5-bit counter? Isn't the 
second 74C163, IC4, unnecessary? 

We do need ІСА, for the following 
reasons, In our Protopower 16 appli- 
cation, we need to count to 16, pause 
and then repeat the count sequence, 
where the "pause" period acts as a 
means of synchronising the pulse 
train. This is achieved by detecting a 
count of 19. Outputs QA & QB of IC3 
(pins 14 & 13) are fed to NAND gate 
IC5a, along with QA, pin 14 (QE?), of 
IC4 (ie, 1+2+16=19) to detect the 19th 
count. The output from IC5a (pin 9) is 
then used to clear both counters to 
zero. 

From the pulse timing diagram of 
Fig.3 it can be seen that QA of IC4 
(QE) acts as a synchronising pulse as 


it occurs between clock pulse 16 and 
clock pulse 20 and has a duration of 
four clock pulses. It separates each 
burst of 16 pulses. 


Triggered ramp generator 

We now come to the heart of the 
circuit which constitutes the triggered 
ramp generator and the pulse width 
modulator, both based on IC8, а TL072 
dual FET-input op amp. 

Clock pulses from the collector of 
Q1 are coupled to a differentiating 
network consisting of the 220pF ca- 
pacitor C10 and 12kQ resistor R5. The 
differentiator generates positive-going 
spikesatthe leading edges ofthe clock 
pulse and negative-going for the trail- 
ing edges. Diode D3 passes the posi- 
tive-going spike and blocks the nega- 
tive-going, to drive op amp IC8a, 
which is connected as a voltage-fol- 
lower. Basically, it just acts as a low- 
impedance buffer. 

IC8a's output is AC-coupled via ca- 
pacitor C11 to the base of transistor 
Q3. Each time a positive spike is fed 
through to Q3, it turns on to discharge 
capacitor C12 at its collector. In be- 
tween each discharge, this capacitor 
is charged from the constant current 
source comprising transistor Q2 and 
the two diodes at its base. By using a 
constant current source to charge ca- 
pacitor C12, we obtain a linear ramp 
waveform. 


Pulse width modulator 


Op amp IC8b is connected as a com- 
parator to become the pulse width 
modulator. The inverting input, pin 6, 
is fed with the triggered linear voltage 
ramp, while the non-inverting input, 
pin 5, is fed in turn with the signal 
voltages from the 16-channel multi- 
plexer (IC6 & IC7). 

Remember that the multiplexer 
sequentially switches 16 voltages, each 
representing one handheld throttle. 
Therefore as each of the 16 throttle 
voltages is compared with its corres- 
ponding linearramp voltage, the width 
of the resulting output pulse will be 
varied accordingly. 

The output of IC8b is AC-coupled 
by C14 to IC9b, a 7406 open-collector 
inverter. However, readers will note 
that in our serial string of 20 pulses, 
there are 16 which enable the multi- 
plexer and four pulses which repre- 
sent the synch pause and these latter 
four must be blanked out. 

This is achieved as follows. The 


Parts List for 


Command Station 


1 PC board, 162 x 101mm, code 
09102981 

1 10-way PC-mount insulated 
terminal block 

1 16-pin header 

1 16-pin IC socket 

1 32.768kHz watch crystal 

1 1000 trimpot (VR1, Bourns 
3386 or equivalent) 


Semiconductors 

1 4001 quad 2-input NOR gate 
(IC1) 

1 4520 dual synchronous counter 
(IC2) 

2 74C163 or 4163 binary counter 
(IC3, IC4) 

1 4023 triple 3-input NAND gate 
(IC5) 

2 4051 1-of-8 multiplexers (IC6, 
ІС7) 

1 TLO72 dual FET-input op amp 
(IC8) 

1 7406 hex inverter with open 
collector outputs (IC9) 

1 LM324 quad op amp (!С10) 

1 LM358 dual op amp (IC11) 

1 4020 14-stage binary counter 
(1С12) 

2 PN100 NPN transistors (01,03) 

1 PN200 PNP transistor (Q2) 

4 1N4148, 1N914 small signal 
diodes (01,02,03,04) 

1 orange LED (LED1) 

1 green LED (LED2) 

4 red LEDs (LED3-LED6) 

1 7812 12V 3-terminal regulator. 
(REG1) 

1 7805 5V 3-terminal regulator 
(REG2) 


Capacitors 

1 1000uF 25VW electrolytic 

З 10uF 16VW electrolytic 

5 1uF tantalum or PC electrolytic 

1 0.22uF MKT polyester 

11 0.1uF monolithic or MKT 
polyester 

1.01uF MKT polyester 

1 220pF ceramic 


2 47pF NPO ceramic 
Resistors (0.25W, 1%) 
110MO 13.9kQ 
1 220kQ 9 1kQ 

1 100k2 15600 
251kQ 14700 
зако 13900 
210kQ 11502 


FEBRUARY 1998 39 


Ра 057 6 89 ЮП 1 13 м 15 16 Y 18 19 20 21 22 23 24 25 26 27 28 29 
„ЛЛЛЛЛАЛЛЛЛЛЛЛЛЛАЛЛЛЛЛЛАЛЛЛАЛАЯ. 


CLOCK PULSE NUMBER 


OUTPUT ОА 


а 


OUTPUT QB 
av —— 
| “al үр ae 
OUTPUT QC 
эу. 
гаа шыр о 
OUTPUT ор 
mv 
ov Ас 


OUTPUT QE (QA2) "SYNCH" 


DECODER PULSE 19 


3 2 ON 1 3 M 15 16 17 B 9 20 12 3 4 5 4 7 8 9 


RENUMBERED PULSE TRAIN TO 405 


2v 
СЕРУ ШШШ EMAIL C. LEE 


PULSE PERIOD = 0.488ms/: 


WHICH REPRESENT "STOP" 


4051 ENABLED WHEN LOW 


ЗУ, 


TRIGGERED LINEAR RAMP PIN 6 ІСВЬ 


+12V5 


OUTPUT IC9b. 


яу-П 2345 6 7 8 9 ю п поз м 15 6 3-25. ВЕ р ДАМО 
ov. SYNCH PERIOD 


FINAL WAVEFORM IC9c AND ICIO. 16 CHANNELS 
2 = 0244ms 


CLOCK FREQUENCY = 32768/16 = 2048Hz = 0.488m: 


[| 


І 


0.488mz х 20 = 9.76тз | 


Fig.3: this is the timing diagram for the circuit of Fig.2. 


synchronising pulse is taken from the 
5-bit counter via IC9a. Because IC9a 
has an open-collector output but no 
external pull-up resistor, it effectively 
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works аз а switch to shunt any signal | The resultant signal is inverted by 
at its output to ground when its input —IC9b which also performs a level trans- 
is high. In effect, synchronising has lation to give а 5V peak-peak ampli- 
been added to the pulse train by IC9a. tude. This signal is inverted again by 


Fig.4: install the parts on the Command Station PC board as shown in this 
wiring diagram, starting with the smaller components and working up to 
the larger parts. Make sure that all polarised parts are correctly oriented. 


ІС9с and its output is effectively 
halved by a voltage divider consisting 
of resistors R14 & R15. The signal із 
fed to IC10. 


Line drivers 

1С10, an LM324 quad ор amp, is set 
up as four identical voltage followers. 
Their outputs are used to drive either 
the Power Station or an Auxiliary 
Power Station, which supply power 
to the track. 


5600 
4700 
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Two ор amps on the circuit remain 
to be discussed. They are in IC11, an 
LM358 dual op amp (these are virtu- 
ally the same op amps as in the 
LM324). IC11a & IC11b are connected 
as voltage followers in such a way as 
to provide three output voltages, 
*8.8V, +5V and +1.2V. These voltages 
are fed to the handheld throttles. The 
+5V actually comes from the 5V 3- 
terminal regulator REG2 while the 
other voltages come from resistive 


4-Band Code (1%) 

brown black blue brown 
red red yellow brown 
brown black yellow brown 
green brown orange brown 
brown red orange brown 
brown black orange brown 
orange white red brown 
brown black red brown 
green blue brown brown 
yellow violet brown brown 
orange white brown brown 
brown green brown brown 


Resistor Colour Codes 


voltage dividers connected across the 
+12V and +5V supply rails. 

Using this system, only five wires 
are needed to connect each hand throt- 
tle. The hand throttles will be dis- 
cussed later in this series of articles. 

Finally, there are two 3-terminal 
regulators, to provide the +5V and 
+12V supply rails. This completes the 
circuit description. Let's now discuss 
the construction of the Command Sta- 
tion. 


PC board assembly 


All the components, with the ex- 
ception of the power transformer and 


5-Band Code (1%) 

brown black black green brown 
red red black orange brown 
brown black black orange brown 
green brown black red brown 
brown red black red brown 
brown black black red brown 
orange white black brown brown 
brown black black brown brown 
green blue black black brown 
yellow violet black black brown 
orange white black black brown 
brown green black black brown 
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This is the completed PC board for the Command Station. It accepts the signals from the handheld throttles 
and produces a serial data stream which is superimposed on the supply voltage to the model railway track 
layout. Note that the final version differs slightly from this prototype board. 


80 е | 


Fig.5: check your PC board against this full-size etching pattern before installing any of the parts. 
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Fig.6: these scope waveforms show the triggered linear 
ramp waveform at pin 6 of IC8b (top trace) and the 16- 
pulse burst and sync pause at pin 2 of IC9b (lower trace). 
‘The ramp waveform has a frequency of 2048Hz, as 
controlled by the master clock. The waveform on pin 2 of 
IC9b is fed to the line drivers іп IC10. 


Fig.7: these scope waveforms shows the effect of setting 
the throttle of channel 5 to maximum reverse. As you 
can see, the fifth pulse after the sync pause is quite. 
narrow with respect to all the other channels which are 
set to STOP. The lower trace shows the relevant channel 
5 pulse with an expanded time base. 


Table 2: Capacitor Codes 


bridge rectifier are mounted on a PC 
board measuring 162 x 101mm and 
coded 09102981. 

Begin by carefully inspecting the 
PC board for any defects such as shorts, 
open circuit tracks or undrilled holes 
and correct as necessary. 

Our suggested assembly procedure 
is to progressively install components 
relevant to particular circuit sections, 
power them up and test and then move 
to the next section. The component 
layout for the PC board is shown in 
Fig.4. 

With this in mind, install all the 
links first and then the 10-way insu- 
lated terminal block at one end. Now 
install the components for the +12V 
and +5V power supplies. In particu- 
lar, install the 2200uF filter capacitor, 
the 3-terminal regulators (REG1 & 
REG2), the associated 1uF and 10uF 
bypass capacitors, LEDs 1 & 2 and 
resistors R20 & R21. 


You will need a DC power supply 
which puts out at least 16V. Now con- 
nect +16V to the V+ terminal on the 
connector block and the 0V line to the 
OV terminal. Both LEDs should light 
up and you should be able to measure 
+12V from REG1 and +5V from REG2. 

Now install the components con- 
cerned with the master clock, This 
means IC1, IC2, IC12, LEDs 3-6, the 
32kHz watch crystal and associated 
components. IC sockets are optional 
but are only really worthwhile for the 
more expensive ICs. 

Make sure the LEDS are oriented 
correctly and the same applies to the 
ICs. Check your work carefully and 
then apply power. LEDs 1 & 2 should 
light up as before and the other four 
LEDs should flash. LED6 should turn 
on for 1-second intervals, LEDS for 
12-ѕесопа intervals, LED4 for !/4-sec- 
ond and so on. 

This display confirms that the mas- 
ter clock is functioning correctly. If 
the LEDS don't light in this way, dou- 
ble check your work for errors and 
don't proceed any further until this 
part of the circuit is working as it 
should. 

Now you can install IC11, resistors 
R16-R18 and capacitors C16 and C17. 
Then reapply power and check the 
+8.8V (Reverse), 45V (Stop) and+1.2V 
(Forward) terminals on the connector 
block. 


Next, install IC10 and resistors R14 
and R15 (adjacent to IC9). Then apply 
power and check to see that +2.5V is 
present at pins 1, 7, 8 & 14 of IC10 and 
at the S1, S2, S3 and S4 terminals on 
the connector block. 

Now install the remaining ICs and a 
16-pin socket for the 16-pin header. 
This accepts the signals from the 
handheld throttles. 

Install the three transistors, four di- 
odes and the remaining ICs, resistors 
and capacitors by following the com- 
ponent layout diagram of Fig.4. 

Double check your work for any 
errors, eg, diodes and transistors in- 
correctly inserted. When satisfied that 
all are correct, apply power and switch 
on. As before, all LEDS should either 
light or flash continuously, 


Setting up 

You will need a conventional ana- 
log multimeter set to read 10V DC or 
more. Now measure the voltage at TP 
A, adjacent to pin 7 of IC8. If you can't 
see this IC, it's located in the top 
lefthand corner of the PC board in 
Fig.4. 

Adjust trimpot VR1 so that the volt- 
age at TP A is +6.2V. This ensures that 
the pulse waveform with no input 
signal has a mark/space ratio of 1:1. 

This completes the Command Sta- 
tion. Next month we will discuss and 
build the Power Station and throttles. 
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All prices in Australian Dollars - 


NEW! 
| It's a hectic world out there, so 
remembering things on-the-fly ain't 
easy! Get some help with this small 
lightweight voice recorder. 
Dictate important pointers аз 
they come to mind, memos, 
meetings, appointments, etc. 
Mounted on a keyring, so it's with you all the time. 


і records З separate messages, total 20 seconds. 
TAY 


Cat. ХС-0275 


By popular demand! Same symbols as 
our black lettering (NL-2920), only 

white, At last, professional lettering 

transfers for black panels! Features 0 - = 

10 numbers, min./max., volume, Black shown 
balance, arrows,etc. 1 sheet measuring 145x210mm. 


; Cat, NL-2922 


ИЕ HARD DRIVE 
BIBLE 


2 2 The ultimate book on hard drives. 
430+ pages, Hardcover. See Dec. 97 
adv. for full details. Cat. BC-1210 


«ес» «Pu 


соті 


This stereo FM transmitter accepts line level 
inputs from CD players, etc. If you 
‘own a car hi-fi deck that doesn't 
have line level inputs, then this is 
what you need. The frequency that 
the soundfeeder transmits on is 
selectable, and will transmit to any 
FM receiver up to 2 metres away. 
Accepts one single AA battery (not 


included) with а 35mm stereo чему мое: | 


phone plug input cable included. 


Cat. AR-1752 


The latest generation of processors 
are faster and smaller than 
ever. Add to that, smaller 
‘enclosures and 
hardware and you've got 
the potential to 
generate volumes of 
hot air. Fix it! A 
fantastic new product 
that helps keep your PC 
hardware cool and running efficiently. Simply mounts 
inside the computer case, with the dual fans extracting 
hot unwelcome air from inside. 12V power derived from 
your PC power supply. Mounting hardware and power 
leads supplied. A must for any PC. 


Cat. ХС-5045 


ask for New Zealand prices. 


We now carry a great range of tiny PCB based 
cameras for surveillance, poolside monitoring, 
security or just plain fun! Each camera has a 
composite video output that plugs into any 
VCR's video input, or into the RF input by 


using а RF video modulator. Normal. 
working voltage 12VDC. 

CCD CAMERA WITH CASE, є 
IR LED & LEAD Camera па 

box! Complete with lead + 

RCA plug. ^ Cat ОС-3450 

CMOS РСВ CAMERA MODULE о. 

A great surveilance camera. 
Cat. QC-3440 

CCD PCB CAMERA MODULE 
Tiny! Just 32 x 32 x 15mm. 
Unbelieveably small 

Cat. QC-3460 

CCD PINHOLE CAMERA 
Hide the eye! Secure 


surveilance through a 
pinhole. Cat. QC-3461 


CCD CAMERA - METAL CASE 
Comes іп а black metal 
case, 35 x 35 x 15mm 

+ bracket and lead. 
Cat. QC-3470 


This adjustable output voltage supply is fully 
Í regulated and delivers а respectable 1.5 
‘Amps current. Selectable voltages include 3, 
4.5, 6, 7.5, 9 and 12VDC. Features on/off 
4 switch, large easy to grip voltage selector, 
power LED, short circuit protection automatic 
VE thermal cutoff and overload protection output by 
large 4mm binding post screw terminals. Electricity 
Authority approved. Size 135(L) x 98(W) x 68(H)mm. 


Cat. MP-3035 
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Two great new organisers for 1998. These are both high 
quality databanks with features only normally seen on big 
name organisers. Both feature 12/24 hour clocks with world 
time and daily alarm. Powered by two lithium batteries, 
each organiser has a large LCD display, auto power off, 
secret code and free memory indicator. Functions include 
telephone directory, schedule reminder, memo, accounts 
memory and percentage. Don't spend big dollars оп а 
personal organiser until you «с» these. 
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DEAL 86 for full details. Боо 
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С window etching kit ЕЕЕ FOER 
Й worth $29.95. See 97 Cat. page 75 for full details. \ Save $30 f 
D ccc NETUS Y ; 
AL кїт Cat LA 5120 CREAM CatLas125 inter See 7 Cat page 161 | SINGLE SHIELDED CABLE 


for full details. Limited quantity. i У 
жагас ен птен HE This is in our catalogue as Mic cable, but does 
EMOTE CONTROL SWITCHE joe XC-G000 » 


not have à “i 
Double pole latching and momentary. а cotton filler. t езеш 


тєн With 1 2 CH With 1 can be used as audio cable, or 
: wherever a single shielded 
transmitter transmitter ТГЕТҮ, cable is required. Specs: Lead = 
[) Cat. LR-8828 Cat, LR-8826 ELD with wire 7/0:12mm, shield Я 
Was $59.95 V ы 28/0.12mm, OD 4.6mm, colour - black. im 
b. $ 5 Twin Earth Flat cable Cat. WB-1520 t 
ы 1.0 sqmm 1/1.13, 10 amp (lights) — Cat. Pri m 
] Save 510 даме $10 о Gat WB-1565 $1.20/m or $95/100m $116/ жиса 91:79. Tue 
Extra transmitters б dU ers Twin Earth Flat Cable рта 
Cat, LR-8829 save ^ E шоу, кире) = = February. Price 80¢ m 
9 19.95 сим .75/m or $140/100т 

DS $17.95 “$10 во $40/100m roll. 
ae CANNON AT злуе ланг": (меи 
ЗДУ This apty ted laser pointer || | JAYCAR HAVE JUST BEEN APPOINTED A DISTRIBUTOR FOR 

(Ur Cos incerta чай ALCATEL CANNON CONNECTORS. 

Кы анда Bulk users, contact our Wholesale Department for great price: = 
n [сае minor Mi 3 PIN CHASSIS FEMALE 6 ji 

j , k M 
LII \slinky spring. The (NEW) 3 PIN CHASSIS MALE Cat. PS-1060 $6.50 j 

smallest hand movement generates an eye dazzling Cat. PP-1050 .75 3 PIN LINE РЕМА! 
БЕГЕ display of spherical pattems. As well as this, the 3 PIN LINE MALE Саре $5.95 

Disco Laserpointer can quick ewitch over to Cat. РР-1052 $5.95 A ў 

есоте a conventional still-beam pointer. 5mW 
РС power output. Size: 90(L) x 23(W)mm, Includes 3 x REINEHAIIS PLASTIC AR лама рада 

> LR44 batter & пу! rd to serve kl. 
ries & nylon cor e as а пескасо. МАЕ $3.95 


Cat. 87-3105 
З PIN LINE IDC MALE 


DISTRESS STOCK PURCHASE Cat РР-1055 $6.95 
DUAL CATS (NETWORKIN 


WALL PL CHEW) нер м 


These are а quality Clipsal 

brand wall plate with two CAT Just Under 1000 Pages of data! This is by far the best book we have ever 

5 networking sockets ‘seen on programmable integrated memory devices, ie all solid state memory 

mounted behind the plate, except unalterable ROM. Almost 2000 basic device types are 

each with its own spring loaded described from RAM, static RAM, dRAM, PROM, EPROM, EEPROM, One- 
time programmable EPROM, PROM, Programmable & erasable ROM, flash 


Protective sliding cover. White in 
colour, it’s supplied with two CATS EPROM & EEPROM and FIFO devices. Starts from part No. 8X350 and 
finishes at 882048. 


sockets, strain relief hardware, glass 
Cat. ВМ-4575 


panel & mounting screws. 
4 We've seen these advertised elsewhere for $19.95. SAVI SS 


Limited quantity. Cat. PS-1450 


sw. $12.95 $ < OLYSWITCH 
А еме got them for just d к 
KE s : AKER 
| SHORT CIRCUITS) TION page. KEEP WIRING Movs ae 
| you sick of messy cablin 
IDEAL FOR See 97 Cat Бареа а behind your m : 
KIDSE Ac full details. HiFi 
Колан мар. No, Wattage 80 Cat.# Was Now Е 
й : Е 
J| assumes they know ) & RXEO75 10W ямза0 56.95 $3.50 comput L NEV 
- Hed os RXEOS0 15W  — RN-3462 $3.50 ша = 
о є, | bindin 
|| book shows you Ry й ng 
Joni elocroicomponets ook ke УР Hes | ШАШ Na iS available in 2 sizes, andis 
= work. There are 21 RXE160 46W RN-3466 easily wrapped aroun: 
| projects to build and all the components are supplied to build all panes чно) 
the projects, There is no soldering required and all compon: RXE185 63W RN-3468 Serm ul Dou ena = 
SES | mounted on a baseboard with springs. Some projects are: “Short - |9ММ DIA 2.5 METRE TE 
B | сгсш tester Police siren «Sound effects "Light chaser "Solar powered | RXE250 1127 || RN-3470 lee em 
BE | radio-AmpifereBuzzboard & more. о $10.98 | 12MM DIA 1.5 METRE 
à Em Cat. HP-1222 
| Cat. Ku-aso2 528 95 “Used In Schools | FXES7S 280 Ма 


SE eS Ом 
MAIL ORDER - FREECALL FOR PHONE ORDERS 1800 022 888 z TN 
вет ТЕШЕҮТҮТҮ = 


SS UE 
me 
RECOR! 


EN =a TTS T 


from 
JAYCAR 


We WILL NOT 
be beaten 
on price. 
TELL US IF 
ae WE'RE WRONG! | 
74min 680MB Genuine gold ачай 
recordable CDs *Nokia handset reco! lecD'sat | 
ч Cat. ХС-4711 «Small size 133x55x 30(D)mm | «Bonus NI-Mh battery | «Small size 136x45x27(D MM) the best price in НО 
КУЄ || *5 hours talktime «Free premium insurance | "Від screen display town! cat. XC-4710. | 
+120 hours standby for 3 months (worth $28.50) | «Data and Fax compatible > bu 
Ted Use ЗХАА Alkaline batteries | Free 15 mins. call every | *Ni-Mh battery up to 95 hrs Te 
ATE іп emergencies month. standby 165 mins. talk 
A Cat. YT-7500 Cat. YT-7510 Cat. YT-7520 Ni 
Ev Remember! Each disc is | До, 
f supplied in a quality CD | 
Jewel type (ге. standard) | NYC, 
{___clear plastic case. | |) 


Е = too 
DECIDE АСТА 

і - і 
Plug it into computer games, stereos etc, then Т 
put the back pack оп and feel all the low frequency j Е 9 


sounds. See previous ads for full details 
An ideal light for 
cuxo WAAS $249 campers, boats, Area deen 
„12 i r 
THEN $49.95 ae Es 


ev / chassis, heavy 
bo save etc. Current draw cabling or general | ДЕН 
($210! 1.25A. Size 600(L) x ge gf RD iectical work. Fuly р" 
^ 76(W) x 25(D)mm Electricity Authority 
А AURA ADAPTOR CABLE FOR N64 & PLAYSTATION Cat. 57-3021 Gat. НМ-3078 RED approved | 
Ф This pack contains зі the leads required to attach the Aura Se pape 


Interactor to your games console and stereo system. Includes 
RCA piggyback lead, 3.5mm phone to 2 x RCA adaptor lead, 


RCA Joiners and stereo Hi Fi RCA cable. Total value $17.40 " 
NE 


“Е Cat. XC-1001 - 
р 
7 INCREDIBLE SAVINGS ON INTERIOR SECURITY ALARMS 7 
О INTERIOR ALARM AND PIR 4 
WEIT, This alarm has a built-in passive infra red (РІВ) detector and TELKO WINDOW / DOOR MAGNETIC (2 
W| 10048 piezo screamer. There is also a panic button for 
emergencies. It's 9 volt battery operated (battery not SENSOR ALARM 
included), or from 240V with an optional adaptor - use Cat. This small alarm is designed to be mounted on а МО 
JA МР-3006 $15.50. Also includes 2 deterrent stickers. Unit size: window or door. When the door / window is opened, } 
{22 137(Н) x ВОМУ x 53(D)mm. Ideal alarm for home units =» a built-in 90dB alarm sounds. 
bou garages, caravans, boats, office etc, etc. Cat. LA-5150 ;3 Cat. LA-5165 qu ui 
Were $49.95 Save $20.00 |.» Were $9.95 Save $3.00 
Fen 529.95 ||| Feb Е =29- 1—5 
ПЕ TELKO Еми TELKO VIBRATION DOOR 
"= ENTRY ALARM HIME 
This unit simply mounts on a door or window. When / CHIME / ALARM 
DAMES the door or window is opened the unit either chimes, or ua ut This unit simply hangs on the door knob inside a room. suse 
Е the siren повз off. Requires 3 х AAA alkaline batteries => When the door is opened or shaken it will “sound”. жы 
(not supplied). Uses magnetic sensor switch for "i Cat. LA-5170 
дом contacts. Size: 132(H)x80(W)x28(D)mm. Cat. LA-5160 РЕЗ з Меге $7.95 
Were $24.95 Save $7.00 2155 =e ED 
29 
* 


Feb $17.95 
У ESTRU 


Beaut speakers for your 
PC with built in amplifiers 
and mounting brackets. 
for attaching to your 
) monitor (shielded, of coursel!). Volume 

fl control and bass button included. Will run from 
Td either 4 x AA batteries (not supplied) or use 
L^ MP-3012 plug pack. See 97 Cat. page 159 for full 

Dd, details. Cat. XC-5162 
TAY 3 
Ed 


ЫЛЕ 
з 
^ 


) A handy toolset 
imi 0 for getting into tight places. 

З Includes: «Slotted 4/5/6mm, *Phillips 41-2 
*Posidrive 41-2 *Torx 10-15-20mm «Slotted bits, 
5-6-7-8mm *Phillips 9-10mm 

Cat. TD-2045 


7 6 WAY POWER OUTLET 
УС WITH MAINS FILTER 

AND TELEPHONE LINE 
| PROTECTION 


T 


A great mains filter to suit telephone products 
too - computer modems, faxes and answering 
machines. Protect your computer from spikes 
and surges. Features 6 protected power outlets, 
resetable circuit breaker, thermal fuse for 
‘overload protection, 2400 watts handling. 


зоні 


ДУС. Electricity authority approved. Cat MS-4030 
| Was $32.95 Save $3 
February $29.95 

76 REED / 

jj MAGNET 

Í ASSEMBLY 


ЭОС мо and М.С on one 
ТУ | assembly. Screw 
terminators with self 
ILLU. adhesive or screw 


Mount your portable CD 
player in your car. 
Features *Anti-vibration 


mount. suspension *Quick 
Cat. LA-5070 release mount *Padded 
= Normally = i2¥stohold СО. Quality 


unit made in Taiwan, 


BUE $5.95 ей. Refer0ct 97 ads for 
February $215. Cat AR-1770 


IU 10 for 
$39.50 


ү] 


нту 


ТОРХ AND T 
TAMPER ME 
A quality, reliable 
RESIST ^з, 
‘TORX special price! 
| Pulse and tone 
j ( $ * “SCREW switchable, 10 
\ 4 memories, last 
ae M ‘DRIVER DEAL number redial 
Quality screwdrivers with slip proof handles and made from and timed call / А, 
chrome vanadium. easycall 
028 compatible, 
Cat.# Description Was Feb. Save Cv 
TD-2000 T8 TORX 2 3 5 
TD-2061 T9 TORX 
TD-2062 T10 TAMPER 
DATABANK / 
Samiha CALCULATOR 
TD-2063 T15 TAMPER WATCH 
RESIST TORX Store your 50 most 
TD-2064 T20 TAMPER used ‘phone numbers 
on your watch! 
RESIST TORX 5 Features time, alarm, 
TD-2066 T25 TAMPER 3-line databank 


RESIST TORX 


BUY THIS LOT FOR $29 
SAVE $27.75 ON 1997 PRICES !! 


You've blown your 
cash at the casino, so take your 
frustrations out on this fun LCD game. 
Just like the "cardies" in pubs and 
clubs. See 97 Cat P180. Cat. QM-7360 


These headphones are amazing! 
They're not only high quality 
headphones, they reduce outside 
noise as well. Facts: «Up to 95% 
reduction in aircraft cabin noise. «Up. 
to 80% automobile reduction. «Ор to 
60% lawn mower reduction. See 97 
Cat. page 53 for full specifications on 
these incredible headphones. 

Cat. AA-2000 


EMAIL ORDERS 
mailordersejaycur.com.au 
EMAIL YOUR ORDERS NOW 


шы 


ТОВБА БЕА 


display. See 97 Саі. 
раде 172. Cat. ХС-0260 


Was $19.95 Save $9.95 
February $10 


SUPER DRILL SET 


These are fantastic tools. Perfect 1 1 1 1 
for drilling, polishing, routing, — 
shaping, sanding and milling. 

Supplied with collets, 

grindstones, grinding wheel, 

Grill bits, 240V mains plugpack. 

See 97 Cat. page 103 for details. 

Cat. TD-2460 


Was $59.95 save ло 
February $49.95 


Attention installers! Cut 
installation time by 
stripping outside cable 
jacket and inner conductor 
in one operation. Suits 
RG58/59/62/6 and 3C2V 750 cable. 
Cat. TH-1820 


e 


PHILLIPS DOME TWEETER 


AD11600/T8 


Don't look any further for a great 
performing tweeter - these are 
superb. 100WRMS system, 
95dB 1W/1M. See 97 Cat. page 
32 for full specifications. 

Cat. CT-2012 


Was $32.50 
Feb. $25 save $7.50 


Kit includes 2 master and 2 
slave solenoids and the 


power relay. Be 7 
careful! Other kits 

advertised only have 

1 master & no relay €^ 


box! Includes wiring. 
You can't beat our price! 
Cat. LR-8830 


Actually made for 
the German market, these 
Jaycar cutters are stainless 


with a polished finish, 
Ud: Cat. TH-1886 
MATT See 97 Cat. page 84 for full. 
С 80W specs. Cat. MP-3085 
=~ SOLDERIN! 
zer IRON 


А heavy duty iron for 
MH) tough valve chassis, 


—— 
heavy cabling or 4 


general electrical work. 

Fully Electricity Authority 
jV approved. Cat. TS-1485 

Was $29.95 


З Feb. $20 
IG save $9.95 


Weis NOVIK 

5 SQUARE 

CONE 
TWEETER 


ЗАХО 


sok 


— 


4 pc kit to assist soldering. 
Supplied in plastic wallet. 
See 97 Cat. page 107. 
Cat. TH-1760 


Ideal replacement tweeter 
30WRMS system. See 97 
Cat. page 31 for details. 


17 сан CT-2002 See 97 Cat. page 38 for full 
details. 
Was $7.95 Cat. CW-2125 
(Feb. $5 
mA Save $2.95 
( 
КҮ L 


Black cone, rubber 
surround, 800, SOWRMS. 


Refer EA magazine 3/97. 


M 


PA SPEAKER 
BIN ENCLOSURE 
DESIGN BOOK 


Fane Acoustics (UK) makers 
of speakers for the likes of 
Pink Floyd, David Bowie, 
Iron Maiden etc. Cram 


2а the packed with hot design info! 
" а bits - Cat. BF-4150 

Features stainless Steel Tri wing, Tamper proof, Wess 614.95 

heat treated blades. || Tory Spanner (snake), : 

In-hex (allen), Torque. 
Cat. TD-2035 


Cat. TH-1762 


Feb. $9.95 


Cat. page 25 for full 
details. 


Cat. QT-2210 


What a great idea! If buying a bulk 
100 metre roll is a touch over the 
top then 30 metres should do the 
trick. Two sizes to choose from. 
LIGHT DUTY FIG.8 


A full feature DMM with 
*Capacitance «Temperature 
istor test «Continuity 


Cat. WB-1703 23,5 digits «Holster and 
carry bag included. 
HEAVY DUTY FIG.8 Cat. QM-1480 
Cat. WB-1709. - 
12V COLOURED NEON 
UNDERBODY TUBES 
a пул к> кесэ шш» = 


KNIGHTRIDER pu 
LED SCANNER КІТ | 


Refer S.C. magazine 5/96. 


Mount under your car or use in store displays, 
night clubs, home lighting effects, etc. Draws 
approximately 350mA at 12VDC 


Cat. ST-3120 BLUE 
Cat sraizspunre 949-950. 


16 LEDs that scan back 
and forth. 12VDC. 
Cat. KC-5204 
Was $20.95 3 р 
QM | 
Refer Silicon Chip 5/97 Feb. $15.95 4 
Modulate our neon Save $5 


tubes to the beat of 
your car stereo! PCB 
‘components included. 


Refer S.C. magazine 2/97. 
Not just any old continuity 
tester - audible tone 
generated depending on 
resistance. Cat. KC-5219 


Cat. КС-5221 


CRITICAL SYSTEM 
ALARM KIT FOR CARS 


Monitor critical parts on 

your car warning lights such. 
~ as brake and oil / engine 
temp. An inexpensive kit 
that could save you heaps! 
Cat. KA-1791 


The current stock we have is not 


z quite up to full 4G & 8G specs. Its й Gert 
‘Standard power point Was $16.95 slightly smaller, but will still do the job perfectly З 
_ size, Accepts F59 plug Feb. $12.95 Stave $4 in99% of installations Your chance to save I! Е 
both sides of socket. i fue 
Cat. LT-3040 TIR 7| 
в Normally $2.95 mt. 7 $220 100mt. roll. мб 
Now $1.95 mt. / $170 100 mt. roll, See 
RED Cat. WH-3070 
BLACK Cat WH-3072 | ЮР" Кеч Та 
Durable, self 5 4 POWER CAB 
Е 2 ска to windon: Normally $7.95 mt. / $325 50mt. roll. Mes 


Use on cars or home. Cat. LA-5100 


Now $5.50 mt. / 5225 50 mt. roll. $525 


E RED Cat. WH-3074 
BLACK Cat. WH-3076 


TEUNAN 


A MAIL ORDER - BREESE EOR ЕБЕ ORDERS FICS 022 888 


DURATECH GAS TORCHES 
Gas Torch & Solder no Iron 


v 


& Duratech is a quality, ‘construction soldering tool. 
It runs on Butane gas, therefore needs no cords or mains 
power, and can be used anywhere. Adjustable 10 to 60 
watts and uses standard Butane cigarette lighter gas. 
Supplied with a flame tip for welding, shrinking heatshrink 
[Be etc and a solder head! Supplied with Пате torch tip 


and conical soldering tip/catalyst. 
үз $34.95 
5 in 1 Gas Soldering Iron Kit 


This kit uses the same 
tool as shown above. 
The accessories supplied 
in the kit give it a much 
larger range of uses. The kit 
includes: «The tool with 
metal body *Soldering 
head and catalyst «5 
soldering tip: nical, 
2.5mm diagonal, 
3.5mm diagonal, 
3.5mm chisel, 7mm 
chisel *Pencil flame head, hot 
nife head, hot blower head, flat flame head 
older sponge *Tube of solder *Case to hold everything. 


Cat, TS-1690 $59.95 
Piezo Micro Torch 


Features include: *Self igniting «Easy to Refill 
‘Adjustable flame *Portable «Cordless 
*1300*C «Butane Gas Powered Ideal for 
welding, brazing, wire soldering, jewellery, 
shrinking heatshrink, plumbing, hobbyist use. 


Cat. TS-1675 $44.95 


a 


As used 

in our 

PRO4 
Preamp kit. 
Dual gang pot 
with 1/4” shaft. See 97 Cat. 
page 145 for full details. 
Cat. RP-3850 


Size: 1 x 1.5metres. Use with 
our frame kit CF-2750, or 
replace worn out cloth or 
foam. Black. Cat. CF-2752 


y 


HEAD OFFICE 

8-10 LEEDS ST RHODES 2138 
PHONE: (02) 9743 5222 
FAX: (02) 9743 2066 


BURANDA QLD 


CANBERRA ACT 


COBURG мс 


HOBART TAS 


FSS = 


«аш 


The Weller PSI-100K is an extremely robust 
soldering tool kit, which is ideal for trades people 
and serious hobbyists. Kit includes: eSoldering 
tool and cap *Soldering tip 3.2mm chisel 
*Soldering tip 4.8mm chisel «Но! blow tip «Hot 
knife tip «Sponge and holder «Case 


Cat. TS-1730 


EXTRA SOLDERING E 
1mm Single Flat Cat. 75-1732 


ILABLE 


2.4mm Single Flat Cat. TS-1734 $22.95 e a. 


We've bought a quantity of 

9V AC 1 Amp plug packs which 

are terminated to a 2.6mm DC 

plug. Fully SAA approved No. N14311 


Cat. MP-3024 


All leads have 6 wires instead of the usual 4. 
. Cat. ҮТ-6016 


3 тен 


CT £f x 


The easy and professional way 
to countersink holes. Use with 
Standard electric drill. Bit sizes 
12, 16 and 19mm diameter, 
Cat. TD-2028 


‘Super thin carpet, 
easy to work with, 
great protection. 
Colour black, 3mm 
size 1 mtr. x 1.8mtrs, 


10 metres Cat. YT-6018 


15 metres Cat. YT-6019 


NEW ZEALAND 
Mail Order Tollfree Hotline 


Bo 


1 wrcPr 
SOLDERING STATION 7 


The Weller station is known as one of the 
best soldering stations around. It's made in 
Australia and features a 48W heating 
element. To change the temperature, 
simply change the tips! Supplied with a 
4.6mm PTA7 screwdriver ti timate 
forthe professional or Serius ПОВ 
Cat. TS-1350 5 189 
TIPS TO SUIT 
Plato brand. Suitable for WTCPN/S/T. 
stations. All tips 1.6mm screwdriver type. 


Cat. TS-1352 PTAG - 315° 
Cat. TS-1362. PTAT - 370" 
Cat. TS-1365 PTAB - 430" 


All $3.95 each 


ickness, "mU 
Cat, CF-2755 


Endorse 
КЕШ 
Lic 6143 | АХ: 

Standards |FREEFA 


Australia 


ORDERS: 


ROAD FREIGHT ANYWHERE IN AUST (up to 20kg) $14.00 
POST & PACKING $10 to 524 99-54 00 $25 to $49.99-$5 $50 to $99.99=$7 OVER эшо B 


MAIL ORDERS FREE POST T0: 
Reply Paid 72. Jaycar Mail Orders. PO Box 185 Concord 
NSW2137 FREE CALL FOR ORDERS: 1800 022 888 

ENQUIRY HOTLINE: (02) 9743 6144 FAX: (02) 9743 2066 


2) 9743 5222 
1800 620 169) 


та От 


‘SYDNEY сту, * 


GORE HILL 
PENRITH 


NEWCASTLE 


Refer Electronics 
Australia Feb 1997. 
Aprofessional 

direct injection 
preamp using JFET 
technology to suit PA 
and audio recording. ^ Previous Model Shown 
The kit features very low noise, low current drain 
(via phantom power), high common mode rejection 
(CMRR) and wide dynamic range. The Jaycar kit is 
(|| absolutely complete with diecast box, silkscreened 
front panel, metal XLR connector, PCB, high spec. 
transformer plus components. Beware of inferior 
versions of this kit offered by other suppliers. 


Cat, КА-1805 


12V 4 CHANNEL 
LIGHTSHOW KIT 


Refer: Silicon Chip January, 1997. 

Full featured low voltage 

light 

controller. The 

Jaycar kit 

VE} includes case, 

РОВ, punched 

* | /silkscreened і 

si front and rear 


panels plus all electronic 
components. See previous Adverts for full details. 


cakes 65 "» 19.95 


Panel punched for LEDs. 


© Hinged door. 
Black cone, rubber 
О 2891880 x 1034) x surround, 8:2, SOWRMS. 
ДО 200)". See 97 Cat. page 38 for 
Cat. HB-5600 GREY full details. 
Cat. CW-2125 


Cat. HB-5601 CREAM. 


Sick and tired of paying too much for lithium 
== batteries? We were, so we've done something 
about it. We have the 4 most common types 


EL available. Continuous max current drain for all 4 is 
We 1A. Nominal capacity is 1300тАН. 
|1 1. CR123A: ЗУ (replaces EL123AP, K123LA and 


Y DL123A) Cat. SB-2400 
2. CR-P2: 6V (replaces EL223AP,K223LA,DL223A) 


Cat. SB-2401 E 
з. 2ERS: 6V (replaces EL2CRS, KL2CRS & DL245) 

А (replaces ) 

А Gat. SB-2402 

CR2 (replaces ELICR2, КСЯ2 and DLCR2) 
CASAS Cat. sB-2404 —L m 


Refer Electronics Australia February 1998. 
Your faithful multimeter may tell you 
there's a break in your cable, but 
won't tell you where in the cable 
the break is. Is the break at 

the centre, or at the end ” 
(which end)? This tester tells 
you where - saving service 
time and eliminating the 
need to cut off connectors in a 
vain attempt to locate the fault. 
Kit is complete with case, Previous Model Shown 
silkscreened front panel, PCB, RCA, phone апа XLR 
connections plus electronic components. 9V battery and IC 
socket also supplied at no extra charge. 


мо. | For Kits 


Refer Electronics Australia Feb 1998. 
This add-on circuit converts our КА- 
1799 line carrier link kit from two 


Cat. KA-1804 - 
TWO 12V HALOGEN LAMP 
FLASHER KIT (NEW) 

Refer:Silicon Chip Jan 97. ^ 

Flash two halogen lamps [= ie 

alternatively at rates from `. } 

onceasecondtoonce L 

every 3 seconds. Kit is complete with 

two 50W halogen lamps & holders, { ] 

PCB plus electric components. 

Requires 12VAC or DC. 

Cat. KC-5241 $34.95 


channels to four channels. In practice, 
you could add 32 of these modules for 
a total of 128 commands, so there's 
plenty of room for experimenting. A 
fun, yet extremely practicable and 
versatile project. Kit includes PCB's, 
switches plus all electronic 
components. 


Cat. KA-1803 У 


LINE CARRIER LINK 
Refer Electronics Australia Nov 1997. 


Cat. KA-1799 


™ were replaced by lower priced units. Well, what can we say, they 


ACCOUNT 


М | 


The Garrison return! These were sold by us previously until they 


are back again! The transmitters feature telescopic antennas for 
extra range (now an incredible 50 metres), plus sliding covers to 
prevent accidental transmission. The receivers and are mounted 
within high quality ABS cases. Each model includes two transmitters, 
receiver and instructions, and security code programmable. 
LATCHING UNIT 

Includes both N/O and М/С contacts. 11-15VDC input voltage. 
24VDC/1A relay contacts. 

Cat. LR-8820 $S 
MOMENTARY UNIT 
Receiver features 2 relays, both can be wired in either N/O or 
N/C contact configuration. Receiver input voltage 11-15VDC, 


120М/БА relay contacts. Cat. LA-8822 SP 


О SPARETRANSMITTER Саі. LA-8823 
* Transmitter size 55 x 37 x 13mm, receiver size 87 x 61 x 
33mm. Ideal application include car and home alarms, central 
locking, appliance switching etc. 


SPARE TRANSMITTER Cat. 18-8821. 


1 
\ 


Our new Active Subwoofer Amp Module will 
deliver 150W RMS into 40 and 100W RMS 
into 80. Its the easy way to add a 
subwoofer to your existing stereo/ home 
theatre Hi Fi system. Operates on 240V. 
Designed to fit into the back of most 
subwoofer cabinets. A simple 190 x 240mm 
cutout is required. Hardly any internal 
volume is lost. Call for specific 


Sl 


WITH | 


=4 E 


BWOOFER AME 
Subwoofer Amp Module Cat. 44-0500 


cD ЕТТЕ 
ADAPTOR 


Play your 10" Subwoofer Cabinet Kit 
portable CD Cat. CS-2532 See Cat P54. 
резе Re/Sponse 10" 40 Carbon Fibre Woofer 
through Cat. CS-2244 See Cat P58. 
BE и 80 
layer. most tested in Hot 4's sub 
[54 AR-1760 car test, & most others were 
Was $19.95 Save $5 double the price. See Cat P59. 


Feb. $14.95 


[мди ORDER - FREECALL FOR PHONE ORDERS 1 


800 022 888 | 


SLA ES 


PER ae RET HORE 


Christmas is well and truly over - so here's 
incentive to get fit! Strap the transmitter 
1 monitor to your chest and the receiver 
PCE watch to your wrist. Features *High/low 
limit alarm *Sports watch water proof to 
50тиз. Improve your cardiac fitness. 
T Са. ам-т240 


= PIHER HORIZONTAL 
TRIMPOTS 

Features: eDust proof > 
enclosure «Polyester за 
substrate «Wiper positioned 

at 50% *Accidental rotor а 
movement protected. 

Specifications: «Max voltage 100V «Nom 


power 0.1W «Linear curve «Tolerance «/- 
30% *End resistance 100. 


Value Саїй Value Саі 
2000 RT-4350 20K RT-4362 
5009 RT-4352 SOK АТ-4364 
yer 1K RT-4354 100K  RT-4366 
М 2K RT-4356 250K  RT-4368 
JM к нтазз 500K  RT-4370 
(| 10K  RT-4360 1M — RT-4372 


e 70c ea 


о-зомн»с 
2.5АМР DIGITAL 
VARIABLE LAE 


| Cat. MP-3082 


$199.50 


Plastic case with 

2 aluminium panel. 
370(W) x 143(D) x 

81 (Highest Front) x 
55(High at Rear). See 97 
Cat. page 93 for full 
details. 

Cat. HB-6092 


DASS. Limited quantity available. 
Cat, 22-8419 


А compact handheld spotlight, 
lightweight and comfortable. 3 
mir. curly cord plus cigarette 
lighter plug included. Size 
125(Diam) х 130(D) x a NTE 
Cat. ST-3023 


20 WATT LARGE 


35mm dia «Downlight 
holder (white) «Mains 
gue power 


= 51-2755 
Value $34.85 Was 


See whois at 
your front door 
before 

‘opening it! You 
simply can't 

be too careful 
these days. 
When a visitor 
presses the 
doorbell, the 
video monitor 
automatically 
tums on, and you 


can see who is at the door. With the optional door 
release, you can remotely open the front door, and let 
the visitor in if you wish. The camera has IR LEDs for 


$27.95 


The brand new totally 

redesigned Hakko soldering 

station is now available from 

Jaycar. Hakko is well renowed 

as one of the best general 3 


purpose stations available. 

Features of the 936 include: 

*Thinner grip for easier use. «Compatibility - 900 
series tips. *Solder dripping from the tip falls into the 


stand instead of onto the work bench. *Lock screw 
SIZE KIT prevents inadvertent changes in the temperature 
Includes «20W lamp - setting. «Compact size and can be stackable so 2 units 
51mm dia. Downlight takes up the space of one unit. «Centigrade and 
Шалы йды) «Mains former; power farenheit temperature scales. SPECS. «Heating element 

50W 24V. «Temperature range 200 - 480°C. «Temp. 
lead. Cat. 51-2750 Майше $34.85 stability +/-0.5°. *Tip to ground resistance under 20. 
Was $27.95 Save $5 *Tip to ground potential under 2mV. 
————— NOT AVAILABLE Cat. TS-1610 passag 
20 WATT SMALL SIZE KIT FROM DEALERS. PS TO SU [^ 
Includes «20W lamp - 0.5mm Conical Cat TS-1611 TS 


1.6mm Chisel Cat, TS-1612 


PERSONAL ALARM 


This personal alarm is small in size 


and can be used in different ways. 
To activate alarm simply pull the pin 


Sawe $5 and it sounds this ear piercing, 


night illumination, and comes with installation 


hardware for flush or surface mounting. Supplied with 
clear instructions can easily be mounted by the family 


handy person. One year warranty. 


Cat. QC-3415 


DOOR RELEASE TO SUIT $34.95 


Cat. QC-3410 


Spend $30 at any Jaycar 


Store in February, and 
you can buy 1 cellular 


phone case for only $2. 


Limited quantity available. 

Not available at dealers. 

NOKIA 232 Cat. HC-6902 
MOTOROLA9000 Cat. HC-6906 

NEC SPORTZ Cat. HC-6909 

NEC P3 Cat. НС-6910 
MOTOROLA MICROTAC Cat. HC-6912 
MOTOROLA FLARE Cat. HC-6913 
NOKIA 2110 Cat. HC-6914. 


BUY 10 


LESS 1076 


m Supplied with double sided tape. Simply 


almost unbearable scream which. 
wiil be sure to attract attention. It 
has its own beltclip so it can be 
clipped to pants on a belt etc. 

Size is 55(W) x 67(H) x 20(D)mm. and 
colour is black. 


p Only. $9.95 


Need to know the time? in the car, shed, 
boat, office, kitchen etc, etc, etc. This 
‘small round clock also has the date. 


Stick it anywhere. Size 40mm dia x 10mm 
deep. Display height 5.4mm. 
Cat. XC-0222 


These are made for the Vifa 5" 

woofer / midrange we sold. 

These speakers are not sealed, 

зо if they are used in а multiway 

speaker system, these need to be used to seal the 
midrange from the woofer. Can be used on any open 
backed 5" speaker. Cat. CF-2740 


301 PIECE a 
DRILL, BIT [d 
& RAWL i 

PLUG KIT Be 


Kit includes: +HSS twist drills 


woodwork drills «5 masonry. 
drills #1 countersink bit «1 
magnetic bit holder «6 | 


screwdriver bits erawl 
plugs, plus case. у 
Cat. Т0-2425 5 


Was$29.95 Feb. $20; 
save $9.95 
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EI MAN — == FOR PHONE ORDERS 1800 022 888 ] 
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| PRODUCT SHOWCASE 


Self-calibrating RF simulator 


The new microprocessor control- 
led Schaffner NSG 2070 high fre- 
quency generator provides compre- 
hensive electromagnetic susceptibility 
testing. Although not yet mandatory 
in Australia, electromagnetic suscep- 
tibility tests are often required to be 
conducted for medical apparatus and 
also for equipment intended for ex- 
port. It is also expected that IEC sus- 
ceptibility standards for mobile 
phones and other equipment, cur- 
rently in draft stage, will be intro- 
duced in the near future. 

The Schaffner NSG 2070 comprises 
a 100kHz-250MHz synthesiser, 85 watt 
power amplifier and a range of cou- 
pling options including capacitive 
coupling networks (CDNs), electro- 
magnetic clamps, current injection 
probe (CIP) and an external monitor- 
ing probe. In anticipation of new IEC 
standards for equipment such as mo- 
bile phones, a pulsed mode of opera- 
tion is already included. 

The instrument automatically ad- 
justs the output and creates its own 
calibration table, using output meas- 
urements made at the rate of 900 per 
decade. An Auto-function calculates 
and sets the correct frequency sweep 
rate according to the IEC 1000-4-6 


High capacity 
rechargeable cells 


Premier Batteries has introduced 
high capacity nickel metal hydride 
(NiMH) and nickel cadmium (NiCd) 
cells to their range. These nickel 
metal hydride cells are cadmium 
free and do not suffer from memory 
effect. 

The increase in capacity allows 
for the AF and 4/3AF sizes to in- 
crease by 20% in capacity, thus pro- 
viding 2400mA.H and 3800mA.H 
respectively. These cells are in con- 
stant demand in cellular phones 


procedure, thus avoiding the need for 
manual setup and calculation. The 
test procedure can be interrupted at 
any time in order to pursue a more 
detailed examination at a particular 
frequency and can then be resumed 
where the test was interrupted. 

A liquid crystal display and keypad 
provide access to all functions. Win- 
dows-based software provides setup 


and notebook computer packs 
where extended running time is a 
distinct advantage. 

To keep pace, nickel cadmium 
cells are increasing in capacity at 
the same rate. AF is now available 
in 1700mA.H and 4/5AH to 
1500mA.H. 

Although capacities and technol- 
ogy are improving, prices have re- 
mained stable. 

For further information, contact 
Premier Batteries Pty Ltd, 9/15 
Childs Rd, Chipping Norton, NSW 
2170. Phone (02) 9755 1845; fax 
(02) 9755 1354. 


of all front panel functions and op- 
tions including test customising and 
sequencing. Entire test procedures can 
be saved and compliance reports can 
be produced automatically. 

For further information, contact 
Westek Industrial Products Pty Ltd, 
Unit 2, 6-10 Maria St, Laverton North, 
Vic 3026. Phone (03) 9369 8802; fax 
(03) 9369 8006. 


FEBRUARY 1998 53 


54 


New kits from Dick 
Smith Electronics 


Dick Smith Electronics have sub- 
mitted two of their recent kits for 
SILICON CHIP projects for our in- 
spection. They are the 5-Digit Ta- 
chometer from the October 1997 
issue and the Heavy Duty 10A Mo- 
tor Speed Controller from the No- 
vember 1997 issue, Both conform 
closely to the SILICON CHIP proto- 


Optional 
FB206W/208W 


Philips wireless 
speakers 

Philips new mini sound system 
(model FW 780WPRO) features a 
wireless subwoofer and wireless 
surround speakers. With conven- 
tional audio systems there’s always 
the problem of cables and where to 
hide them. But with this system, 


SILICON CHIP 


types and look quite professional 
in their presentation. The 5-Digit 
Tachometer has a screen printed 
front panel with the “window” be- 
ing part of the artwork for a neat 
appearance. 

The Speed Controller has had 
the lid of the diecast case linished 
for a better appearance and number 
of small refinements in the wiring. 
The most notable of these is the use 
ofspring clip mounting for the IGBT 


Optional FB203 


the audio signal is radiated on an. 
FM carrier so the speakers are easy 
to install around the room for good 
surround sound. 

The FW780WPRO also features 
Dolby Pro Logic sound, a three disc 
CD changer and audio/video remote 
control. The system retails for 
$1499.00 and is available from 
stockists around Australia. 


and fast recovery diode which 
should reduce the possibility of 
breakdown to the case. 

Both kits are available from Dick 
Smith Electronics stores across 
Australia and New Zealand. 


Synchronous 
step-down converter 


B.B.S. Electronics Australia has re- 
leased Harris Semiconductor's HIP- 
5020 Buck Converter which steps 
down a DC battery voltage of 4.5V - 
18V to a regulated system voltage of 
3.3V or less and delivers up to 3.5A at 
greater than 90% efficiency. 

The device integrates two Mosfets, 
a half-bridge driver and a 100kHz to 
1MHz current mode pulse-width 
modulation (PWM) controller with 
current sense onto a single chip. 

In order to assist design engineers 
using the HIP5020, Harris Semicon- 
ductors offers free simulation software. 
It provides realistic simulations that 
closely match lab results. 


PCB POWER 
TRANSFORMERS 


1VA to 25VA 


Miniature frequency counter with LCD 


Aceco Electronics Corporation has released the 
FC2002 Handy Frequency Counter, which covers 
frequencies from 10Hz to 3GHz in a package around 
the same size as a cigarette box. It can display 
frequency and period and has “ Advanced Auto 
Lock-out” which can be set to automatically detect 
and hold a signal reading. 

The FC2002 has а backlit 10-digit liquid crystal 
display and incorporates a 16-segment RF signal 
bargraph and low battery indication. It has a 
switchable 502/1MQ input for the full 10Hz to 
3GHz display range and the high speed 300MHz 
range features 0.1Hz resolution. A switchable filter 
prevents display of random noise. 

The FC2002 has a sturdy stamped aluminium 
case with a black anodised finish. It is supplied with 
telescoping whip antenna and NiCd batteries to give 
up to 6 hours operation. For further information 
contact Computronics Corporation Ltd, Locked Bag 


Manufactured in Australia 
Harbuch Electronics Pty Ltd 
9/40 Leighton РІ. HORNSBY 2077 
Ph (02) 9476-5854 Ех (02) 9476-3231 


20, Bentley Business Centre, WA 6983. Phone (08) 


9470 1177; fax (08) 9470 2844. 


The QuickDesign Simulation soft- 
ware is available from the Harris Semi- 
conductor Internet site at http:// 
www.semi.harris.com 

For further information, contact 
B.B.S. Electronics Australia Pty Ltd, 
Unit 24, 5-7 Anella Ave, Castle Hill, 
NSW 2154. Phone (02) 9894 5244; fax 
(02) 9894 5266. 


Hioki 
earth tester 


The new Hioki 3151 Earth HiTester 
is a flexible instrument for making 
earth resistance tests. The instrument 
permits the use of the ‘fall in poten- 
tial’ three-terminal method in which 
the E terminal is attached to the sys- 
tem ground electrode, the C (current) 
terminal to the furthest probe and the 
P (potential) to the roving probe. 

In systems where the earthing elec- 
trode is extensive (eg, through the use 


of water pipes), the Hioki 3151 can be 
used in the two terminal mode, utilis- 
ing the E and C terminals. Earth resist- 
ance is measured using the AC phase 
difference method to provide highly 
accurate measurements and two fre- 
quencies are available to the operator 
in order to eliminate the effects of 
circulating harmonic components. 

For further information, contact 
Nilsen Technologies, 150 Oxford St, 
Collingwood, Vic 3066. Phone (03) 
9419 9999; fax (03) 9416 1312; Free- 
call 1 800 623 350; Freefax 1 800 067 
263. 


New microcontroller 
from Parallax 


Parallax have released their new 
SX-series 8-bit multi I/O controllers. 
They have an internal programmable 
4MHz oscillator, three-level brownout 
reset, power on reset, a watchdog timer 
with its own RC oscillator, multi-in- 
put wake-up with optional interrupts 
and a flash EEPROM. 

All of the SX I/O pins are multi- 
hardware compatible and can be pro- 
grammed for input or output (sinking 
or source up to 30mA) or internal 
20kQ pullup resistors. Some pins may 
be configured as Schmitt trigger in- 
puts, some as analog comparators and 
others as outputs with symmetrical 


drive. 

For further information, contact the 
Australian stockist, Microzed Com- 
puters, PO Box 634, Armidale, NSW 
2350. Phone (02) 6772 2777; fax (02) 
6772 8987. 


Flash 
electrolytics 


Professional photographic flash 
equipment re- 
quires large high 
voltage alumin- 
ium electrolytic 
capacitors, They 
are used as a 
high voltage res- 
ervoir which is 
dumped into 
the flash tubes. 
High energy per 
unit volume, 
small dimen- 
sions and high flash frequency are the 
requirements. 

Thanks to a specially devised an- 
ode film, flash electrolytic from Sie- 
mens exhibit an exceptionally high 
CV product. 

The new flash electrolytics of the 
Siemens B43405, B43406 and B43407 
series have rated voltages between 310 
and 500V and capacitance from 120 to 
17,000yF. 

For further information, contact 
Malcolm Evans, Advanced Informa- 
tion Products, Siemens Ltd. Phone (03) 
9420 7716; fax (03) 9420 7275; e-mail 
passive.comp@siemens.com.au SC 
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SERVICEMAN'S LOG 
The TV set that smoked 


Warranty work is not always plain sailing, 
due mainly to the over-reaction of some 
customers when a near-new set fails. And in 
this case the set didn’t help matters much by 
first smoking and then working normally. 


Mr and Mrs Clarke were not happy. 
Their nearly new NEC FS-5185 TV 
(MM-2 chassis PWC4034A) had thor- 
oughly disgraced itself and had had 
the audacity to not only stop working 
but actually smoke in their living 
room. Anyway, the set was under war- 
ranty and though they would really 
have preferred a new set, they had to 
have it fixed straight away. 

On these occasions, one has to be as 
polite and understanding as possible, 
whilst remaining aloof and firm as to 
what can and cannot be done under 
warranty, 

One way to reduce the acrimony is 
to attend to the problem as soon as 
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гә» HAD THE AU 


possible. The set was actually under 
an extended warranty with a major 
department store, for which we are 
the service agents. 

So it was with trepidation that I 
removed the back and had a good look 
around before connecting it up, 
Switching it on and standing back. 
Well, what an anticlimax — the set 
came on and performed perfectly. 
What's more, when I examined the 
one-piece motherboard, I couldn't re- 
ally determine any components that 
had burnt out at all. A number of 
resistors had got a bit warm and some 
of the white/clear glue the manufac- 
turers now use to hold wires and com- 


ponents in place while they are sol- 
dered had melted, but really there was 
nothing to write home about. 

I got onto the blower to report the 
situation to the Clarkes. They were 
not amused. Apparently “clouds of 
black smoke had come out of the set" 
and, what's more, they were definitely 
not going to have that set back their 
living room unless it was fixed prop- 
erly. I went back and gloomily exam- 
ined the hapless set once again. 

First, I checked the HT rail and it 
was spot on 115V which is correct. 
Next I attacked the circuit board; I 
shook it, froze it and heated it and it 
kept right on going with a really good 
picture. I then put it aside on test and 
left it for three days. It didn't miss a 
beat. 

I phoned the Clarkes again — "are 
you sure that the smoke came out of 
this set? Was it perhaps the VCR or the 
stereo system which are nearby? What 
about the power point? Does anyone 
in the family smoke?" 


DACITY TO NOT ONLY 
STOP WORKING BUT ACTUALLY 
SMOKE N THEIR LIVING ROOMS 


Mrs Clarke assured me that none of 
these had been the case. 

I was perplexed but even after a 
week the set was still working per- 
fectly and so I returned it to the less- 
than-understanding Clarkes. 


The set bounces 


It was nearly a fortnight later that 
the set bounced right back into the 
workshop with the same complaint. 
This time, fortunately, the fault was 
genuine — the set really was dead. 

It didn’t take long to establish that 
the 130V ZD621 R-2M safety zener 
diode was short circuit across the main 
HT rail. And for this to fail, it meant 
that the HT rail had risen above 130V. 
I replaced the diode and the set once 
more came on perfectly with the cor- 
rect voltage. However, when I replaced 
the cabinet back and put it aside to 
test, the set was dead again. 

Ah, ha, I thought. It must bea faulty 
back! But no; actually the zener had 
gone short circuit again. 

Rather than risk yet another, I fool- 
ishly decided to run the set without it 
and initially all was OK. However, 
predictably, as soon as my back was 
turned, the B4 rose dramatically and 
wisps of smoke (but not a lot) came 
from numerous areas. This time, the 
line output transistor (0502, 2502499) 
had gone, along with a couple of elec- 
trolytic capacitors (C313, C622). 0631 
had also failed by going short circuit. 

After restoring everything, the volt- 


Fig.1: the power supply circuitry in the NEC FS-5185 TV set. IC602 
(bottom, right) monitors the HT rail and drives optocoupler IC601 to 
derive a feedback control signal for chopper transistor Q601. 


age was constantly high and the set 
could only be run for a few seconds 
before the damage would re-occur. 
Because of this, I used a Variac and a 
lamp to keep the voltage down while I 
sussed the problem out. 

My first suspects were IC602 
(SE115N) and IC601 (a PC817 opto- 
coupler) which are at the heart of the 
voltage control feedback network. Ba- 
sically, IC602 monitors the HT rail 
derived from transformer T601 and 
drives optocoupler IC601 which in 
turn varies the drive to chopper tran- 
sistor Q601 (2501710). Ireplaced both 
ICs and the associated 22kQ resistor 
(R623) and resoldered everything in 
sight, in case a dry joint was lurking 
somewhere but to no avail. 

In fact, the control feedback circuit 
of IC602 and IC601 was responding to 
voltage changes and I could see the 
mark-space ratio change on the col- 
lector of the 2501710 chopper tran- 
sistor (Q601) as the Variac was al- 
tered. However, it refused to lock and 
there was no control of the secondary 
voltage rails. 

Well, to cut a long story short, I was 
removing and checking every compo- 
nent on the primary (“hot”) side ofthe 
chopper transformer when I noticed 
that the board had been slightly modi- 
fied by the factory. Some of the PC 
board tracks had been cut and a 
number of components had been 
mounted on the print side of the board 
but the circuit was still the same as 


published by NEC. 

A closer examination revealed that 
some of the parts on the component 
side around this area were rather awk- 
wardly mounted and so I decided to 
remove these parts one by one for 
checking. When I desoldered one leg 
of R699 (1200, 1W), I noticed that the 
other leg simply fell away from the 
board. 

In other words, one leg of this com- 
ponent had not gone right through the 
hole but was actually just touching 
the solder pod on the other side. The 
resistor checked out ОК so reinstalled 
it, this time making sure that both its 
leads were correctly soldered. 

And that solved the problem. This 
time, when the Variac was wound up, 
the mark space ratio on the collector 
of Q601 became fixed when the HT 
reached 115V and the power supply 
was once again stable. 

Isoak tested the set for another week 
whilst fending off the ever-persistent 
Clarkes. I had, in fact, given them a 
loan set when the problem re-emerged 
but it is the nature of some customers 
to be impatient, 

The set was eventually returned but 
the Clarkes remained totally unim- 
pressed with my efforts to help them. 
You win some and you lose some. 


The Beovision gear 


Bang and Olufsen, or B&O, are 
among the “Rolls Royce" brands when 
it comes to producing home enter- 
tainment equipment and this is re- 
flected by their prices. Their products 
are beautiful to look at, even when 
switched off, and their performance is 
definitely up-market — all of which 
you would expect for the prices de- 
manded for this luxury equipment. 

B&O has been quite innovative with 
some oftheir technology over the years 
and often have neat little features built 
into their equipment; eg, wave your 
hand in front of the CD player and the 
drawer will open! Their Beolink sys- 
tem, which allows you to have differ- 
ent selected music in every room of 
your house, was one of the first de- 
signs of this nature. 

On more familiar turf, their TV sets 
introduced automatic grey scale ad- 
justment years ago. And of course they 
have an amazing ability to cram elec- 
tronics into very thin, unobtrusive 
cabinets with hardly any wires pro- 
truding. 

But I digress — I am beginning to 
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sound rather like one of their sales- 
persons. 

Mrs Smythe-Jones was from the old 
country and lived in an exclusive sub- 
urb along with her pedigree Siamese 
cats and of course, her Beovision Type 
3854 2502 stereo TV, her Beocord 
VHS91 type 4493 VCR and her Beolink 
1000 hifi system. These approximately 
10-year old items had been reinstalled 
by B&O when she arrived some years 
ago and now, because of their age, 
they were beginning to show signs of 
trouble. 


How much is it? 


Despite her obvious affluence (or 
perhaps because of it), she immedi- 
ately enquired about the price of serv- 
icing the equipment and wasn’t too 
impressed with my answers. However, 
she was in too deep with her invest- 
ment in B&O and so, reluctantly, she 
instructed me to go ahead and sort out 
the problems. 

Living in an exclusive suburb does 
have its drawbacks, one of them being 
poor TV reception due to the tall trees 
that characterise the area. Installing a 
separate high-performance UHF an- 
tenna certainly improved things a lot 
but her main complaint was poor re- 
ception through the Beocord hifi video 
recorder, In particular, she complained 
about the picture which had a vertical 
line down the screen about 5cm from 
the lefthand side. And the video tuner 


continued 


gave a snowy picture with lots of 
patterning. 

I decided that the only way to han- 
Че all this was at the workshop, as 
both the TV set and the VCR are con- 
nected via a SCART lead. In addition, 
the remote control for the TV set con- 
trolled the VCR and the stereo hifi 
sound, 

The first thing I did was track down 
B&O's service and spare parts section 
in Melbourne and order in the service 
manuals and instruction books which 
cost $120. To give them their due, 
they were nicely bound and thick. 
Unfortunately, what ever they gained 
in presentation they lacked in detailed 
substance. For example, there was no 
circuit description and no PC board 
component layout diagram for the TV 
set although there was for the VCR. As 
it turned out, the latter was made by 
Hitachi for B&O and is similar to a 
1986 VT-860E(AU). 

The B&O service manager was very 
helpful and suggested various courses 
of action, including fitting the various 
service/modification kits. 

I started with the Beocord VCR 
which I connected to a different TV 
and tuned in on approximately Ch37. 
The patterning and snow was easily 
fixed by replacing the electrolytic ca- 
pacitors (as was suggested) in the in- 
verter power supply on the VS tuning 
board. The main culprit here appears 
to be C715 (100НЕ, 25V) which is on 
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Fig.2: the line output stage in the Beovision 3854 2502 stereo ТУ set. B&O 
now recommend a BC639 for TR15, instead of a BC328-25 as originally 


| specified. 
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the +A17V rail to transformer L701 
(this rail comes from the power regu- 
lator board), 

Interestingly, the Beolink 1000 re- 
mote control would not operate the 
VCR in a standalone configuration — 
only when connected to the TV. How- 
ever, when I used a generic program- 
mable remote control (Quadrant Plus) 
with the B&O numbers programmed 
into it, the VCR worked. 

Iwas about to install the service kit 
(3375102 at $129 plus freight) when a 
routine check on playback showed 
the hifi sound to be intermittently dis- 
torted and critical with tracking — all 
indicative of worn heads (normal 
mono sound and picture was OK). 
This was the death knell for this VCR, 
as the heads (8600097) cost a cool 
$600 trade price. 

It was too hard to work out the 
equivalent Hitachi part number and 
the risk that it wouldn't work prop- 
erly was too high. B&O advised us 
that the unit was too old to repair 
anyway and that we shouldn't pro- 
ceed. 


The TV set 


So it was on to the TV set, with the 
problem described as “curly beads” 
(the aforementioned speckled line 
down the screen about 5cm from the 
lefthand side). This is usually due to 
parasitic oscillation in the line output 
stage and can be fixed in most cases 
by fitting a ferrite bead or two to the 
emitter of the line output transistor. 

B&O had not heard of this problem 
in their sets before but suggested we 
install their service kit 3390454, which 
prevents failure of the line output tran- 
sistor (4TR11). An S2000A was fitted 
here but а BU508 is shown on the 
circuit diagram. The kit of 10 compo- 
nents cost $30 plus freight and in- 
cluded a ВОБОВА replacement tran- 
sistor. A ferrite bead (FE1) was al- 
ready installed in the set. 

It was all fairly straightforward to 
fit, the only exception being PNP tran- 
sistor 4TR15. This was originally a 
BC328-25 but the replacement was a 
BC369 which has a different pin ar- 
rangement (bce instead of ebc). 


Wrong leads 


You guessed it - in the melee of 
installing this and soldering any sus- 
picious-looking joints, I inadvertently 
connected its collector and emitter 
leads around the wrong way. When I 
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switched the set on afterwards, the 
picture was perfect and the “curly 
beads” were gone. 

It was only when I was checking 
my work and cleaning up afterwards 
that Irealised my mistake and quickly 
corrected it, only to find that the fault 
was back. I double-checked everything 
to confirm that it was all as per the 
instructions and even fitted another 
BC369 I had in stock (without result) 
before phoning B&O for clarification. 

To cut a long story short, I was told 
that I shouldn’t use a generic substi- 


tute as all B&O components are care- 
fully selected for optimum perform- 
ance — in this case for its “slew switch- 
ingrate". I was also told that they had 
done this modification lots of times 
and that was extremely lucky I hadn't 
blown the line output transistor. 
Suitably humbled, I delicately asked 
if I could have a genuine B&O se- 
lected BC369 (PH72) - to give it its 
full title - to replace the original 
ВС328-25 PH27. The manager kindly 
agreed to send me out one free of 
charge. In the meantime, I decided to 


give the board a good going over by re- 
soldering any suspicious joints. I also 
spent some time cleaning the board 
and cleaned and lubricated around 
the ultor cap. 

A few days later, I received not one 
but two BC328-28 PH27s instead of 
the specified BC369 PH72. Anyway, 1 
fitted one of them and the picture was 
back to normal. As an experiment, I 
then refitted the original transistor 
only to find that it too now worked 
perfectly. 


More questions than answers 


Well, despite fixing the problem, 
this left more questions than answers. 
First, which component or compo- 
nents fixed the fault? I replaced the 
originals and undid any modifications 
to try to find out but it made no differ- 
ence. I now think that the problem 
could have been caused either by a 
dry joint, by sparking where the ultor 
cap connects to the tube, or by spark- 
ing at the CRT socket. In the process 
of cleaning, soldering and lubricating 
everything, I had inadvertently fixed 
the problem. 

Iremain unconvinced of the neces- 
sity for highly graded components, as 
the original line output transistor had 
not failed in 10 years and it showed 
no signs of stress, even with the col- 
lector and emitter leads of 4TR15 re- 
versed. Besides, I was always told that 
a well-designed circuit should oper- 
ate with any generic component. 

Doesn’t the saying go something 
like this? - “an engineer is someone 
who can design something for five 
bob that any damn fool can make fora 
quid”. 

Irefitted the service КИ again — after 
all, it had been paid for - and put it 
aside to soak test. We abandoned the 
VCR and sold Mrs Smythe-Jones a 
new Loewe-Opta hifi unit which did 
everything and more than the original 
did except use the Beolink 1000 re- 
mote control system. sc 


Valve 
Audio 


Repairs, restorations, custom construction, modification to most 
valve based equipment. Valve audio parts & kitsets for DIY 
enthusiasists. Catalogue available on request. 


Valve Electronics Pty Ltd 


239 Australia St Newtown NSW 2042 - Ph (02)9557 2212 Fax (02)9516 3981 


FEBRUARY 1998 59 


Demo board for 
liquid crystal displays 


Ever wondered how an alphanumeric liquid 
crystal display translates digital data into a 
readable message? Then wonder no more and 
build this neat little demo project which uses 
a one-line alphanumeric LCD. 


By RICK WALTERS 


These days almost every electronic 
doodad seems to have an LCD in it. 
From those horrible little Tamagochi 
hand games to the ubiquitous bat 
phone (What? You still call yours a 
mobile?) to photocopiers and faxes, 
they're everywhere. However did we 
function without LCDs? Maybe life 
was simpler then ... 

Anyway, how do these LCDs work? 
Most LCDs are not just the bare liquid 
crystal display with a whole bunch of 
connections made via an elastomeric 
connector to an external circuit. In- 
stead, most one and two-line alpha- 
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numeric displays have a processor 
encapsulated in a blob of black plastic 
on the back. Alternatively, the proces- 
sor might be а surface mount device 
on the back of the display. 

Either way, the principle of opera- 
tion is much the same. Parallel 8-bit 
data is fed in on a bus and this is 
converted by the processor to be dis- 
played. 

Before we go any further, we had 
better define what we mean by "al- 
phanumeric”. This merely means that 
the display can handle alphabetic and 
numeric characters; ie, numbers and 


letters. More to the point, most alpha- 
numeric displays can handle most of 
the 256 characters possible in the 
ASCII character set. 

Typically they can display all up- 
per case and most lower case letters, 
numbers, punctuation marks, math- 
ematics symbols such as plus, minus, 
division, percentage, greater than, less 
than and so on, some Greek symbols, 
the dollar sign, asterisk, hash and per- 
haps some Kanji symbols from the 
Japanese language. 

For this demo project we have used 
an LCD employing the very common 
Hitachi HD44780 LCD controller chip. 
It converts the 8-bit data into charac- 
ters employing а 8 х 5 dot matrix. This 
same dot matrix, by the way, is used 
in cheap dot matrix printers. Obvi- 
ously then, the on-board processor 
does a translation (decode) between 
8-bit ASCII characters to an 8 x 5 dot 
matrix display, as well as providing 
the buffer to display a full line of 
characters. 

As you can see, the demo project 


Fig.1: the circuit uses eight 
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consists of the chosen LCD panel to- 
gether with a row of 10 switches on it. 
Eight of the switches are for setting 
the 8-bit data, while the other two are 
for actually loading the data into the 
display. There are some other bits on 
the board as well but we'll come to 
those later. 

Now you might think at this stage 
that this project is not all that practi- 
cal, particularly if you are thinking of 
loading in long messages by hand! 
You'd have to be working all those 
switches like a veritable whirlwind if 
the message was to be displayed in a 
reasonable time. No, that is not the 
purpose of the project. It is merely a 
learning tool which will give you some 
knowledge of how ASCII characters 
are displayed onto an 8 x 5 matrix. 

It will also be useful if you are be- 
ginning to write software to drive a 
display with a microprocessor or the 
parallel port of a computer, as it al- 
lows you to check that the function 
you are coding does actually work as 
intended. 

As you can see from the circuit of 
Fig.1, apart from the switches and the 
LCD panel itself, there are a few resis- 
tors, three capacitors, a voltage regu- 
lator, a 7555 CMOS timer and a bat- 
tery to get the display working. 

Keen-eyed readers will have also 
noticed an 8-way DIP switch on the 
board but that is there as a cheap 
alternative to the individual toggle 
switches. The DIP switches are more 
difficult to use if you want to load ina 


lot of data but they could be a practi- 
cal alternative if you envisage using 
this project just to display one mes- 
sage. As I am writing this article I am 
absolutely devoid of ideas on what 
such a message might be, but I am 
equally sure there will be heap of uses 
out there. 

Mind you, there are two drawbacks 
to using the 8-way DIP switch to re- 
place the logic level input switches 
S1-S8. For a start, the DIP switches 


switches to load binary data 
into the LCD controller. IC1 
is used to debounce the 
LOAD switch S10. 


are much more difficult to set. Sec- 
ond, the data must be entered back- 
wards as the most significant bit is on 
righthand side of the switch, whereas 
binary numbers are conventionally 
written from left to right with the most 
significant bit on the left. Makes it a 
bit tricky, eh? 

On the other hand, some readers 
seem to thrive on a challenge. 

For those readers who want the 
easier life, the conventional toggle 


This photograph shows the old display at top with the "black blobs" and the 


new display with the HD44780. 
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Fig.2 (left): the component 
overlay shows all 11 toggle 
switches and the alternative 
8-way DIP switch. 


switches are laid out to accept 
conventional data. 


How it works 


There are two types of infor- 
mation which the controller chip 
can accept: commands and data. 
А command is an instruction 
which tells the controller to do 
something internally, such as set 
an 8 or 16-character display, 
home the cursor, clear the dis- 
play etc. Data consists of the 
character or characters we wish 
to show in the display window. 

These instructions are differ- 
entiated by the logic level on 
pin 4 (register select). This pin 
is taken low (ground) to input a 
command and high (5V) to in- 
put data. The value of the input 
is set, in 8-bit binary, by the 
switches DO to D7 (or the DIP switch). 
Once the value is entered it is trans- 
ferred to the display by taking pin 6 
(enable) low. 

So what is the reason for the 7555 
timer IC? Why not connect the switch 
directly to pin 6 of the display and 
save on the cost? 

If you did this you would be very 
disappointed with the result. The first 
character you entered would probably 
fill the entire display due to the 
switch's contact bounce. When a 
switch is actuated it never just closes. 
As the contacts make, their momen- 
tum causes them to “bounce” apart, 
then make, then bounce. 

This can continue for 30ms or so. 
When you turn on a light or a jug, the 
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bounce doesn't matter but as the dis- 
play only takes 40us to process the 
instruction, it sees each bounce as a 
new instruction and will write the 
character over and over. 

The capacitor fitted across the 
switch is discharged on the first 
"make" and cannot rapidly charge 
through the 470kQ resistor. This time 
constant of 47ms ensures that the logic 
level cannot go high again until the 
switch contacts stop bouncing. 

OK but why use the 7555? Couldn't 
the junction of the resistor and ca- 
pacitor go directly to pin 6? The an- 
swer is yes but then the transition 
time of the waveform would be too 
slow around the switching threshold 
of the HD44780 and there is the possi- 


Fig.3 (below): actual size 
artwork for the PC board. 
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bility of at least two characters being 
written. 

The IC output has very fast rise and 
fall times which are more suited to 
the display characteristics. Don't for- 
get, the display was designed to be 
driven from a microprocessor. 

Pin 5, the read/write pin, is tied 
permanently low as, with this simple 
setup, we cannot read information 
from the display. 

VR1, the 10kQ contrast control, is 
necessary as its optimum setting var- 
ies depending on the display length, 
duty cycle or character mode. We'll 
talk more about this aspect later. 


Building the PC board 
The first step is to check the PC 


Table 1: HD44780 Instructions 


Code 


Execution Time 
(max) (when f_ or 


Instruction RS RAN 087 DBS 085 084 083 082 081 ОВО Description 


foss is 270 kHz) 


them slightly so that 
each makes good con- 
tact with its respective 
gold-plated contact. 
This approach allows 


сег о 0 0 0 о 0 0 
display 


0 o 1 Cigars entra display and sets 
IAM address 0 in address. 


Ei 


youto easily remove the 
display and use it in 


Retum 
home 


‘Sets DDRAM address 0 in 
address counter. Also retums 
display from being shifted to 
originai position. ОВАМ 
contents remain unchanged. 


other projects. You will 
need to check continu- 
ity from each pin to the 
display pad to ensure 


mods set 


Sets cursor move direction 3705 
These operations are 

performed during data write 

and read. 


that they are all making 
contact. 
Check that the polar- 


Display 
onvott 


control 


Sets entire display (D) on/off, 37 us 
‘cursor on/off (C), and blinking 
(eue position character. 


ity ofthe electrolytic ca- 
pacitor is correct and 
that the DIP switch is 


Gursor or 
із 
shit 


‘Moves cursor and shifis 
display without changing 
DDRAM contents, 


3705 


fitted facing the right 
direction. Also double 


Function 
set 


‘Sets interface data length 
(OL), number of display lines 
(А), and character font (F). 


37us 


check that the battery 
leads are soldered into 


Set АСС ACG ACG ACG ACG ACG Sets CGRAM address. 


CGRAM 
address. 


37 ps 
CGRAM data is sent and 
received after this setting. 


the correct pads before 
you connect the battery. 


Set 
DORAM 
address 


ADD ADD ADD ADD ADD ADD ADD Sets DDRAM address. 


3708 
DDRAM data is sent and 
received after this setting 


Lastly, fit a self-adhe- 
sive foot to each corner 


Read busy 
flag & 
address 


AC AC AC AC AC AC AC 


Reads busy fiag (BF) 
Indicating Internal operation is 
being performed and reads 
address counter contents. 


Ops 


of the PC board to pre- 
vent it from sliding 
around while you are 


Write data Write data 
to CG or 


DDRAM 


Writes data into DDRAM or 


37 ys 
CGRAM. tuo = 4 HS" 


setting the switches and 
also to protect any sur- 
face it may be placed 


Read data Read data 
from CG or 


DORAM 


Reads data from DDRAM ог 
CGRAN, 


37 us 
Що = 5" 


on, 


Testing the display 


Increment 

; Decrement 

i Accompanies display shit 
Display shift 

Cursor move 

Shift to the right 

Shift to the left 

8 bits, DL =0: 4 bits 


: Internally operating 
Instructions acceptable 


DDRAM: Display data RAM 
CGRAM: Character generator 
RAM 


ACG:  CGRAM address 

ADD: DDRAM address 
(corresponds to cursor 
address) 


both DD and CGRAM 
addresses 


Execution time 

changes when 

frequency changes 
трів: 

When f, ort. в 

250 kHz, 

AC: Address counter used tor Shi» ipe tto 


Turn the contrast con- 
trol VR1 fully anticlock- 
wise, plug in the battery 
and turn the power on. 
Eight dark rectangles 
should show at the left 
half of the display. 
When power is applied 
the controller initialises 


indicates no effect. 


counter is updated. 


pattern against the artwork of Fig.3, 
ensuring that the tracks between the 
switch pads don’t short and that none 
of the tracks are broken. Any neces- 
sary repairs should be done now. 

To keep the cost low we have 
screened the switch information on 
the top of the PC board as there seems 
little point in putting it all in a case. 

The first step is to fit and solder the 
four links as shown on the component 
overlay diagram of Fig.2. 

Next, fit and solder the resistors, 


fter execution of the CGRAM/DDRAM data write or read instruction, the RAM address counter 
is incremented or decremented by 1. The RAM address counter is updated after the busy flag 
turns off. In Figure 10, t,.. із the time elapsed after the busy flag ‘ите off until the address 


trimpot, IC, capacitors, pin header, 
regulator, battery clip, then lastly the 
switches, making sure that the spring- 
loaded toggle is fitted at the righthand 
end of the board and the switch action 
is towards the 7555 timer. The centre 
pin of the regulator will have to be 
bent away from the flat to fit the PC 
board. 

We have specified a 14-pin strip to 
connect the display pins to the PC 
board. There is no need to solder the 
pins to the display board — just bend 


an eight character dis- 
play and these are what 
you can see. The con- 
trast control should now 
be turned clockwise un- 
til these rectangles just 
disappear. 

Before we can do any further test- 
ing we need to give just a short burst 
on binary numbers. We are all used to 
dealing with decimal (power of 10) 
numbers which have 10 digits (0-9). 
As the name suggests, binary (power 
of two) numbers have just two digits 
(0 & 1). We use the switches 51-58 to 
select either of these values, a zero 
being a low logic level anda one being 
a high logic level. 

There are eight input switches, so 
to define the position of each switch 
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Table 2: Character Codes vs. Character Patterns 


0000 | 0001 | 0010 1001 | лото | 1011 | 1100 | 1101 | 1410) 1391 
pa [3 | | Tæ 
ххххОооо | A | 

| I | 
xxxx0001 | (2) > | п 

| п | r 
хххх0010 | (3) | | 
хххх0011 | (4) 4 
xxxx0100 | (5) E 
xxxx0101 | (6) о 

| 
кое (7) zs "| 
хооб\\1 | (8) = 
xxxx1000 | (1) 4 
хххх1оо1 | (2) "ч T 
xextot0 | (3) TA 
хххх1011 | (4) C + |574 
1991100 | (5) Iti! zr Фе 
xxox1101 | (6) 21 g 
xox1110| (7) а 

T 

xoxtt1 | в) | иң 

i Í 


(henċe each input instruction) we is- 
sue a string of eight binary digits (or 
bits), always starting with bit 8. 

For example, the command for ‘turn 
display and cursor on, with cursor 
position underlined’ is 00001110. This 
means 51 and 55-58 would be turned 
off (down) while 52, 53 and 54 would 
be turned on (up). This was done to 
match the DIP switch which is up for 
оп. 
All the commands are shown in 
Table 1. As it is quite difficult to speak 
and think in binary, most people pre- 
fer to use decimal, or if you are a 
computer boffin, then you must talk 
Hexadecimal (power of 16) which uses 
the digits 0-9, then A-F for the next 
six. The table also shows these values. 

Now back to the testing. If you set 
the switches to 00001110, the func- 
tion switch to command (CMD) and 
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actuate the LOAD switch, an under- 
line will appear at the first position. 
So the code actually worked. If you 
are using the DIP switch 2, 3 and 4 
would be ON, the rest OFF. 

OK, now let's do something a little 


Table 3: 


User Designed Character 
Binary Decimal Hex 

0000 1110 14 |= 

_ 0000 0000 0 0 
0001 1011 27 1B 
0000 0100 4 4 
0000 0100 4 4 
0001 0001 17 11 
0000 1010 
0000 0100 


more useful and enter some data. The 
fist step is to switch S9 from com- 
mand to data. Keeping it simple, we 
will enter the characters A-P. The 8 
bits for each letter of the alphabet, as 
well as all the characters the display 
is capable of, are shown in Table 2. Set 
the capital A, 01000001, and load it 
with 510. Hopefully an A will display 
and the cursor will step to the next 
position. Continue to enter the letters. 
What happened to I? A 16-character 
display with only eight characters is 
not much use. 

This is the difference between early 
displays similar to the one used in the 
SILICON CHIP article in May 1993, 
which had a continuous address space 
forthe sixteen characters. The old style 
displays (see photo) had two black 
blobs on the PC board, which have 
been replaced by the HD447870. Un- 
fortunately, but for compatibility rea- 
sons, it has the addresses of the first 
eight characters from 0 to 8 but the 
second eight characters from 64 to 71 
decimal (40H to 47H). 

Now let's try again. We must set the 
display for 16 characters. Set the 
switches for 00111000, the function 
switch to command and load the in- 
struction. The contrast control will 
need to be reset slightly for optimum 
viewingas the duty cycle has changed. 
Load 00000001 to home the cursor 
and clear the screen, then change to 
data and begin loading the alphabet 
again. 

This time after you load H the cur- 
sor will disappear. Using COMMAND 
and 01000000 will restore the cursor, 
but when you try to enter characters 
the cursor steps but writes blanks. 
Use 01000000 and command to bring 
it back to position 9 then load com- 
mand 11000000. Now when you con- 
tinue entering the alphabet all is well. 

Look up these last two commands 
in Table 1 to see what they actually 
did. 


Moving the text 

Up until now we have stepped the 
cursor forward each time we entered 
a character but it is also possible to 
keep the cursor stationary and move 
the text either to the left or to the right. 
Again from Table 1, the command for 
“shift left” is 000011000 and “shift 
right” is 00011100. 

As we saw previously, if you enter 
more than eight characters starting 
from position 1, they don’t appear on 


the display. They are still being stored 
in RAM though and can be moved 
backwards and forwards in the dis- 
play window by using either of the 
above instructions in command mode 
and loading it. Try it for yourself. 

The only thing left to do now is to 
create our own symbols. Up to 16 
custom symbols can be stored in 
CGRAM but they must be loaded each 
time the display is powered up. This 
is because they are stored in static 
RAM and they are lost when power is 
removed. If you were using a micro it 
would be easy to load them at each 
power up. 


Symbol creation 

If you look closely at the display, 
with the contrast adjusted to see the 
black rectangles, you will observe that 
the characters are made up using an 8 
high by 5 wide dot matrix. Each of 
these dots (pixels) is addressable and 
this is why we can create our own 
symbol. 

To program a symbol the first step 
is to draw it on the righthand side of 
an 8 by 8 grid (see Table 3). The 
lefthand three digits are always zeros. 
The choice is limited but we shall 


Parts List 


1 PC board, code 04102981, 
127 x 77mm 

1 one-line Liquid Crystal Display 
with HD44780 controller 

10 SPDT toggle switches or 

2 SPDT toggle switches and 

1 8-way DIP switch (see text) 

1 SPST spring-loaded toggle 
switch (S10) 

1 78105 5V regulator 

1 9V battery 

1 battery snap connector 

1 14-way pin strip 

4 2.5 x 15mm machine screws 

122.5 mm nuts 

4 12 x 12mm adhesive rubber 
feet 


Capacitors 

1 100uF 16WV PC electrolytic 
10.1uF MKT polyester 

1 0.1uF monolithic ceramic 


Resistors (0.25W, 1%) 
1470kQ 

8 15kQ 

1 20kQ PC trimpot (VR1) 


draw a crude smiley face. Clear and 
home the display then set the address 
to 01000000 and load it. Change to 
character and load the eight binary 
numbers starting from the top 
(00001110). 

After the eighth has been entered, 
switch to command and clear the dis- 
play. Switch back to data and write 
01000001 which should be a capital A 
(just to check everything is still work- 
ing), then write 00000000 which will 
display our face. The first saved sym- 
bol is stored in location zero (even 
though we wrote it at position 64, and 
the next fifteen are saved in locations 
1 to 15. This is shown in Table 2. 

Well, that covers the capabilities of 
this simple display. It can't show 10 
by 5 or true lower case characters, but 
the knowledge you have gained will 
apply to multi-line and 10 x 5 dis- 
plays. 

Computer control 

Next month, we will use this same 
LCD panel in a project which can be 
driven from a PC's parallel port. It 
won't be so much ofa learning experi- 
ence but it is a heck of a lot quicker to 
get a readable message. sc 


Value for Money 60MHz & 100MHz iz Scopes 


Tektronix’ new TDS-200 Series scopes are affordable, compact, general purpose 
digital storage scopes that offer more additional facilities than any analog scope. 


TDS-200 Series Features - 

* 2 Channels plus viewable Ext. Trigger 
* 165/5 Realtime sampling/channel 

* Full Dual Timebase with zoom 

* Auto Setup: one bution autoranging 


The technological breakthrough that these 
new scopes offer is an extraordinarily 
high 1GS/s real-time digitising rate plus a 
very rapid screen update rate, resulting in 
а digital scope with display response of 


an analog scope, at an analog scope * Cursor Measurements 
price. * Automatic Measurements:Frequency - 

4 d d Period - Cycle RMS - Mean - Pkto-Pk 
The TDS-200's are specifically designed ре, ей 
to make general purpose waveform Di D Pe 
measurement, ТУ and video signal work "BER en Response, LCD Diwa 
much quicker, more reliable and versatile. "у Fou! Response 
Screen displays can easily be down * Optional Interface: RS-232, Parallel & 
loaded to a PC using the TDS-200's GPIB. 


optional serial/parallel/GP4B interface, 
the TDS2CM. 


2 models are available: 
TDS210: 60MHz at $1395 extax & 
TDS220: 100MHz at $1995 ехіах 


Tektronix 


EMONA INSTRUMENTS PTY LTD 


e SYDNEY Ph: 9519-3933 Fax 9550-1378 «BRISBANE Ph: 3367-1744 Fax: 3367-1497 
e MELBOURNE Ph: 9889-0427 Fax: 9889-0715 e PERTH Ph: 361-4200 Рах: 361-4300 
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Last month we presented the circuit details 
for the 12V Light Show and this month we 
conclude with the constructional details for 
the AC and DC versions, as well as a light 
display box using 20W halogen lamps. 


PART 2: By LEO SIMPSON & RICK WALTERS 


The Light Show is mounted in a 
plastic instrument case which meas- 
ures 260 x 180 x 65mm. Inside there 
are two PC boards, the main board 
measuring 236 x 160mm (code 
01112971) and the smaller front panel 
board measuring 120 x 49mm. The 
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front panel board is mounted verti- 
cally behind the front panel (funnily 
enough) and is secured to the panel 
by the mounting bushes of the six 
miniature toggle switches. 

There are quite a few connections 
between the main PC board and the 


front panel board and these are taken 
care of by six wires to the Input (S1) 
and Beat (S5) switches and a 16-way 
cable between header sockets on both 
boards. 


Board assembly 


Let's talk about the front panel board 
first since it is the easiest to assemble, 
Its component overlay is shown in 
Fig.1. First, mount the switches on 
the board. Their lugs are inserted from 
the component side and soldered. 
Make sure that each switch is sitting 
perpendicular to the board before sol- 
dering the lugs. 

That done, insert the 16-pin socket 
for the cable header and solder it in 
place. Next, insert and solder the four 
red LEDs. These should be mounted 


This photo shows the interior details of the 12V DC version of the Light Show. - 


with their full lead length so that they 
stand about 15mm above the board. 
This enables them to fit easily into the 
bezels on the front panel. That part 
comes later. 

The next part is tricky and involves 
making the 16-way header cable. 


Terminating the ribbon cable 


While most kitset suppliers will 
probably include an assembled header 
cable, you will certainly need to make 
it if you are not building this project 
from a kit. The easiest way, if you 
don't have a crimping tool, is to plug 
the header into the extra 16-pin IC 
socket (specified in the parts list), then 
feed the cable into the top of the 
header. The assembly can now be care- 
fully squeezed together in a vice, mak- 
ing sure the ribbon is sitting flat and 
square in the header. You will squash 
the pins in the socket and it may snap 


Note the position of the red strip on the 16-way ribbon cable that's used to 
connect the switch board to the main PC board. 


but don't worry, it will still work when 
you crimp the other end of the cable. 

The 16-way grey ribbon cable we 
used comes with a red stripe on one 
side and this should be aligned with 
the pin 1 end of the header at both 
ends. You can confirm this by looking 


at the photos in this article. 

Having passed this hurdle, it is time 
to move onto the more straightforward 
assembly of the main PC board. Its 
component overlay is shown in Fig.2. 
First check the bare board for any 
undrilled holes, broken tracks, shorts 
between tracks or evidence of thermo- 
nuclear damage before installing any 
components. Fix any defects and 
check that the two small cutouts at 


LEDI 


Fig.1: component overlay for the front panel PC board. 
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Fig.2: component overlay for the main PC board. Take care to ensure that all polarised parts are correctly mounted. 
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Table 1: Resistor Colour Codes 
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Value 
їмо 
510kQ. 
470kQ. 
220kQ. 
180kQ 
100kQ 
47kQ. 
39kQ 
27ко 
22kQ 
18kQ 
ко 
10kQ 
5.6kQ. 
4.7kQ 
3.3kQ 
2.2kQ 
1.8ко 
1kQ 
4700 
680 
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each end of the board have been made 
to allow it to clear the front pillars in 
the case. Then proceed by fitting and 
soldering the 36 wire links and 17 PC 
pins. 

These can be followed by the di- 
odes, resistors, IC sockets and trim- 
pots. Then insert the capacitors, mak- 
ing sure that all the electrolytics are 
installed with the correct polarity. 

Note the 680 1W resistor on the 
lefthand edge of the PC board. This is 
only required if you are building the 
circuit for AC operation; ie, with a 
12V transformer powered from the 
240VAC mains. If you are building the 
Light Show to be powered from a 12V 
battery, the 68Q resistor can be omit- 
ted and a wire link fitted instead. 

The electret microphone insert is 
wired directly to two PC stakes on the 
board. No shielded cable is necessary. 

The four Mosfets (Q1-Q4) are 
mounted in a straight line and require 
no heatsinks. 

Lastly, mount the two potentio- 
meters (VR5 & VR6) on the PC board. 


Case assembly 


We will assume that you are build- 
inga kit which has the front and rear 
panels already drilled for you. If not, 
you will have to use the front panel 
artwork (Fig.8) as a drilling template 


4-Band Code (1%) 

brown black green brown 
green brown yellow brown 
yellow violet yellow brown 
red red yellow brown 
brown grey yellow brown 
brown black yellow brown 
yellow violet orange brown 
Orange white orange brown 
red violet orange brown 
red red orange brown 
brown grey orange brown 
brown brown orange brown 
brown black orange brown 
green blue red brown 
yellow violet red brown 
orange orange red brown 
ted red red brown 

brown grey red brown 
brown black red brown 
yellow violet brown brown 
blue grey black brown 


before assembly can proceed. 

The first step is to attach the front 
panel to the two potentiometers on 
the main board, using the pot nuts 
and washers. Solder one of the head- 
ers of the 16-way cable to the socket 
position on the front panel board (note: 
no socket is actually fitted in this po- 
sition). Make sure that the red stripe 
of the cable is closest to the LEDs. 
Then attach the board to the front 
panel using the six toggle switches as 
the anchor points. You will need to 
use spacer nuts on the switch bushes 
so that the four LEDs protrude through 
their respective bezels by the right 
amount. 


Table 2: Capacitor Codes 


Q Value | IECCode EIACode 
о O.12uF 120п 124 
a 0.1uF 100n 104 
a .068uF 68n 683 
9 .056uF 56n 563 
a -047uF 47n 473 
a  .O33uF 33n 333 
4 .022uF. 22n 223 
a -015uF 15n 153 
u .0068uF бп8 682 
a .0022uF 2п2 222 


5-Band Code (1%) 

brown black black yellow brown 
green brown black orange brown 
yellow violet black orange brown 
red red black orange brown 
brown grey black orange brown 
brown black black orange brown 
yellow violet black red brown 
orange white black red brown 
red violet black red brown 

red red black red brown 

brown grey black red brown 
brown brown black red brown 
brown black black red brown 
green blue black brown brown 
yellow violet black brown brown 
orange orange black brown brown 
red red black brown brown 
brown grey black brown brown 
brown black black brown brown 
yellow violet black black brown 
blue grey black gold brown, 


Then attach the free end of the 16- 
way cable to the header socket on the 
main board. As noted before, the red 
stripe in the cable should line up with 
the pin 1 end of both header sockets. 

You can now fit the main board into 
the case but before doing so, remove 
the two integral plastic mounting pil- 
lars at the front of the case. These 
pillars would otherwise foul the 
underside of the PC board. Fit the PC 
board into the base of the case and 
secure it with the two self-tapping 
screws, at the rear of the board. 

The wiring from the switches to the 
PC board can be seen in Fig.3. Com- 
plete the wiring to the rear panel, as 
shown in Fig.3. 

So far then, we have completed the 
DC version of the Light Show. 


Testing 

You can initially test the board with- 
out the halogen lamps connected as 
the front panel channel LEDs will 
mimic them. Set the BEAT switch to 
OSCILLATOR, the DISPLAY switch to 
UNMODULATED, the PATTERN switch 
to CHASER and the DIRECTION switch 
to FORWARD. Connect a 12V battery 
or DC power supply to the battery 
input terminals and turn the POWER 
switch on. 

The power LED should light and 
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Fig.3: this diagram shows the wiring details for the 12У DC version of the 
Light Show. The terminal blocks shown dotted mount on the back of the rear 


panel. 


the channel LEDs should light in se- 
quence from left to right. If thé DIREC- 
TION switch is set to REVERSE these 
LEDs should chase in the opposite 
direction. The stepping speed should 
vary as the SPEED control is turned. In 
the AUTO position the sequence 
should reverse every minute or so. 
Turn the PATTERN switch to 
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STROBE and all four LEDs should 
pulse on and off, again varied by the 
SPEED control. Similarly, when AL- 
TERNATE is selected, channels one 
and two should turn on and alternate 
with channels three and four. 

So far so good. Now turn the BEAT 
switch to INPUT and set the INPUT 
switch to MICROPHONE. Turn the 


front panel LEVEL control to maxi- 
mum, turn VR1 to VR4 fully clock- 
wise, then tap the PC board gently 
near the microphone. Each time you 
tap, the pairs should alternate. If this 
is the case the only test left is the lamp 
modulation. 

Turn the display switch to DISCO 
and sing or whistle into the micro- 
phone. If you lack these skills turn up 
the stereo and watch the intensity of 
the LEDs vary with the volume and 
frequency of the music. 


This photo shows the interior details of the 12V AC version of the Light Show. | 


The main difference is the addition of the bridge rectifier on the metal rear 
panel of the case and the 39V 5W zener diode across the 12V input terminals on 


the main PC board. 


Finally, you should connect the four 
20W or 50W halogen lamps and check 
that all functions are correct. 


AC operation 

The unit as described so far has 
been designed to operate from a 12V 
DC supply or car battery. If you want 
to operate from 12V AC, itneeds a few 
mods to allowit to run froma suitable 
transformer. 

Essentially, the modifications re- 
quired are the fitting of a bridge recti- 
fier to the rear panel which then acts 
as a heatsink, the addition of a 39V 
5W zener diode across the supply fol- 
lowing the 10A fuse and а 680 1W 
resistor in series with the 3-terminal 


A т 
240V 

AC 

м 


regulator. The modified power sup- 
ply circuit is shown іп Fig.4. 

If you are using 20W halogen lamps, 
a suitable transformer for the AC ver- 
sion is the 12V 63VA halogen lamp 
transformer available from Jaycar Elec- 
tronics (Cat MP-3050). The beauty of 
this transformeris that it is completely 
shrouded in a plastic case and is sup- 
plied with a two-core mains flex and 
plug. Hence, it can be mounted out- 
side the chassis and will not present а 
safety hazard. 

By the way, you could also use a 
large 12V battery charger if you have 
one on hand. Its rating should be 6A 
or more, if you are using 20W lamps. 
If you are going to use 50W lamps, 


you would need a much larger charger, 
rated at 15A or more. 

Alternatively, you need a 12V trans- 
former with a rating of 160VA or more. 
This will need to be installed in a 
suitable case. 

The relevant wiring details for the 
AC version of the Light Show are 
shown in Fig.5. The 39V 5W zener 
diode is wired directly across the DC 
input pins. 

Once you have wired up the AC 
version of the circuit, apply power 
and check that all of the above tests 
are ОК. Then check its operation with 
the halogen lamps. If you are using 
50W halogen lamps, you will find that 
the rear panel of the Light Show will 
become quite warm, due to the heat 
dissipation in the bridge rectifier. 


AC/DC operation 
If you have built the AC version of 


Fig.4: the power 
supply for the AC 
version incorporates a 
12V AC transformer, a 
bridge rectifier and a 
39V SW zener diode. 
The zener diode 
damps spike voltages 
from the transformer 
which are generated 
by the switching 
action of the Mosfets. 
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Fig.5: wiring details for the 12V AC version of ће Light Show. Note that this 
version has а 680 resistor on the motherboard at extreme left, plus ZD1 and a 


few extra parts on the rear panel. 


the circuit, it is still feasible to operate 
it from a 12V battery if you want to. 
However, you will need to install a 
switch to short out the 680 1W sup- 
ply resistor when operating in the DC 
condition. 


More audio gain 
The input sensitivity of the unit 
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was set to be driven by speaker level 
from a typical stereo amplifier or a 
standard CD player. If you use a port- 
able CD player, the output level is 
likely to be somewhat lower and the 
audio sensitivity may be insufficient. 
If this proves to be the case, removing 
the 1.8kQ resistor at the external in- 
put will give additional gain. 


If you need still more gain, reduce 
the 3.3kQ resistor at pin 2 of IC1a to 
1.5kQ. 


Troubleshooting 

Provided that you have followed 
the wiring diagrams carefully, your 
Light Show should work first time. 
But we have to admit that Murphy's 
Law applies here just as well as any- 
where so there is always the possibil- 
ity that it might not work. If so, the 
most likely causes are simple things 


Our new Light Show drives 12V halogen lamps and can provide a 
variety of disco and chaser patterns. It runs from 12V DC or AC and 
can be used virtually anywhere. 


FEL. 7 
e ше" ечтєчом 


б 


i 


ААА 


We made our light display with a painted timber frame and with the lamp 
sockets mounted directly on the base. Do not use lamps rated at more than 
20W, as this could present a fire hazard. 
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like broken tracks on the PC board, 
missed solder joints and connections 
or solder bridges between tracks. 

Of course, you might also put a 
wrong component value in and this 
can cause the circuit to misbehave. A 
very careful visual check is the first 
step in finding the cause of circuit 
problems. 

If none of the above applies and 
your Light Show still doesn't work 
(dammit), the next step is to check all 
the voltages on the circuit. If these are 
not as they should be in any section, 
you are well on your way to finding 
the solution. 

The block diagram on page 20 of the 
January 1998 issue also gives you a 
guide to the circuit functions and this 
can be helpful when you are trying to 
sort out problems. 


Typical situations 


As a guide, let's look at some typi- 
cal situations: 
Symptom: front panel LEDs work but 
one of the halogen lamps doesn't. 
Check: wiring to the lamp and that 
the lamp itself is OK. 
Symptom: one channel fails to modu- 
late when the DISPLAY switch is set to 
DISC mode. 
Check: filter circuit, rectifier and com- 
parator for that channel. Note that the 
output of each op amp filter stage 
should be close to 0V DC. Under no- 
signal conditions, the outputs of the 
comparator stages (IC3a-IC3d) should 
all be low. 

Symptom: unit works when the 
INPUT switch is in the External posi- 
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Fig.7: actual size artwork for the front panel PC board. Fig.8 at right shows the 


actual size artwork for the front panel. 


tion but not in the Microphone posi- 
tion. 

Check: the electret microphone cir- 
cuitry associated with op amp ІСТЬ. 
There should be about 6V DC across 
the electret. 

Symptom: unit works only when the 
DISPLAY switch is set to the UNMOD 
position and the BEAT switch is set to 
Oscillator. 

Check: wiring to INPUT switch S1, 
level control УК5 and the circuitry 
associated with op amp IC1a. 
Symptom: lights do not chase or strobe 
when BEAT switch is set to Oscillator. 
Check: circuit associated with oscil- 
lator IC1c. If you set the SPEED con- 
trol to a low setting, you can check the 
oscillator operation with an analog 
multimeter set to measure 10VDG; ie, 
the pointer will swing back and forth 
at the frequency of oscillation. 

You can also check with your mul- 
timeter to see that pins 6 & 11 of IC6 
are also oscillating at the same rate. If 
not, check around IC6 and the wiring 
to the BEAT switch. 

Symptom: the light pattern fails to 
automatically reverse after every 
minute or so, when the DIRECTION 
switch is set to AUTO. 

Check: the wiring to the DIRECTION 
switch and the circuitry associated 
with IC4b. You can check with your 
analog multimeter to see that the out- 
put of IC4b is switching high and low 
at about one-minute intervals as the 
100uF capacitor charges and discharg- 
es. 

Symptom: lamps stay on in DISCO 
and MOD modes. 

Check: the ramp voltage from IC4d 
does not stay low all the time. If so, 
check the operation of IC4d. The volt- 
age at the output of IC4d, pin 11, 
should be about +2.3V. Ideally, the 


waveforms around IC3 should be 
checked with an oscilloscope to see 
that they match those in Fig.3 on page 
21 of the January 1998 issue. 

Well that's a fairly comprehensive 
list of possible faults. The trick is to 
isolate the fault to a particular part of 
the circuit and then critically exam- 
ine that circuit section. 


Light display housing 

You will probably have your own 
ideas on how you want to build the 
light display but we'll still tell you 
how we made ours. Our display was 
made of scrap timber with a white 
Perspex front to diffuse the light. The 
frame measures 650 x 360 x 60mm. 
The four lamp holders were equally 
spaced and screwed to but held off 
the base with 5mm spacers. This pre- 
vents the wires from being jammed 
under the sockets. 

A five connector strip was screwed 
to the back panel and one wire from 
each lamp was connected as the com- 
mon to one terminal. The other four 
wires were connected, one to each 
remaining terminal. A five wire cable 
was plaited and connected to the ter- 
minal strip on the rear of the Light 
Show. 

Four sheets of coloured cellophane 
were purchased from a newsagent. 
These were cut to 600mm, rolled and 
sticky taped into rough 40mm tubes 
to form coloured diffusers for the 
lamps. You can see the general ar- 
rangement from the photos. 

Note that this arrangement is only 
suitable for 20W lamps (or lower). Do 
not use higher rated lamps if you in- 
tend building а similar lightbox to the 
one described here as the heat gener- 
ated by them could easily cause the 
cellophane to catch fire. sc 
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VINTAGE RADIO 


By JOHN HILL 


Clean audio for old Henry 


It has now been 12 years since I first became 
interested in collecting and restoring vintage 
radio receivers. Over that period, I have 
found it necessary to rework some of my 
earlier restorations, for the simple reason 
that they were not done correctly in the first 
place. 


Experience is not something that is 
acquired overnight. As one slowly 
advances in the art of valve radio re- 
pairs, there is a gradual realisation 
that some past restorations may not be 
as good as they could have been. 

This was the case with old “Henry”, 
a massive 7-valve console receiver of 
early 1930s vintage. Henry was so 
named because of his masculine ap- 
pearance. With square corners, chunky 
proportions and shear bulk, Henry 
looks quite imposing and takes up 
plenty of space. 

Henry is one of those numerous 
receivers that bear no manufacturer's 
name. These sets were made by well- 
known companies for various retail 
outlets which often (but not always) 
put their own trading name on them, 

In Henry's case, the chassis could 
have been built by almost anyone and 
has no recognisable parentage. How- 
ever, it certainly looks impressive, 
being built from large early 1930s com- 
ponents. 

While the original restoration was 
broadly successful, there was slight 
audio distortion. Although unnoticed 
at the time, I have become increas- 
ingly sensitive to vintage radio receiv- 
ers with less than perfect audio. 

Many cases of audio distortion in 
old receivers are due to the anode 
bend detection method that was in 
common use during the early 1930s. 
However, in Henry's case, diodes in 
the 2A6 first audio valve handle the 


Henry is an early 1930s 7-valve 
superhet receiver of rather large 
proportions and is typical of the era. 
The challenge was to cure his audio 
distortion problems, which have been 
present since restoration many years 
ago. 


detection and AGC functions. There- 
fore, any distortion must be due to 
causes other than the detection cir- 
cuit. 

So, like several of my early restora- 
tions, Henry required a reworking ses- 
sion. 


Common problems 


When this old receiver was origi- 
nally restored, I found that there were 
three common vintage radio problems 
in need of attention - leaky paper ca- 
pacitors, dead electrolytics and an 
open circuit output transformer. 

The replacement transformer was 
selected mainly for its size (so that it 
would fit the existing mounting holes) 
rather than for its impedance specifi- 
cations. But unknown to me at the 
time, the correct output transformer 
for this particular receiver has quite 
different specifications from most. 

Henry has an unusual output stage 
which consists of two type 59 output 
pentodes in parallel, rather than push- 
pull. The two valves are wired grid to 
grid, plate to plate, etc. This arrange- 
ment provides twice the output power 
but is not as good as push-pull which 
has a number of advantages, includ- 
ing lower distortion. 

A parallel output stage requires an 
output transformer with half the pri- 
mary impedance of that used for a 
single output valve. In the case of 
parallel 59s, an output transformer 
with a 3kQ primary is required but 
that is not what was installed when 
the set was restored. The transformer 
used would have been more in keep- 
ing with a battery receiver, as it had a 
10kQ primary. 

So a bad impedance mismatch 
needed to be corrected for a start. 

On top of that, one of 59s had an 
open heater. Readers unfamiliar with 
this output pentode may be surprised 
to learn that the valve has two heaters 
and will still work reasonably well 
when one is open. However, as there 
was a distortion problem to correct, a 
replacement valve was required. 

Next was the problem of resistance 
values. The set used a particular brand 
of resistor that is notorious for going 
high, so it was not surprising that 
some were up to 10096 out of toler- 
ance. All the cathode bias resistors 
were wirewound types and the bias 
voltages were OK. 

It was obvious that the partly de- 
funct valve, the out-of-tolerance resis- 


The high tension choke (left) and high tension power transformer (right) are 


mounted on the top of the chassis. 


tors and the output transformer would 
all have to be replaced. The replace- 
ment transformer was a 2.5kQ "Iso- 
core" type ina pressed steel can. While 
itlooks a few years too modern for the 
set's age, it was the only transformer 
that came near the required 3kQ pri- 
mary. Being an Isocore type, with float- 
ing, “hot” laminations, it should be 
relatively troublefree. 

The modifications had the desired 
effect and the sound from the old re- 
ceiver was greatly improved. It is quite 
amazing how well some ancient loud- 
speakers perform. While they may not 
be equal to modern equipment, they 
are OK with the limited range of fre- 
quencies covered by AM radio. 


A 2.5КО “Isocore” output transformer 
was used to replace the earlier 10kQ 
unit. This was necessary because the 
primary impedance required for 
parallel connected output valves is 
half that of a single stage. 


m 7 3 4 


This close-up view of the chassis shows the two 59 output pentodes which are 
wired in parallel. The old 59 was in production for only a short time and was 
superseded by the 2A5. 
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Old Henry was built using very large 1930s-style components and boasts no less 
than seven valves, including two 59 output pentodes wired in parallel. 


So old Henry is working noticeably 
better than before and I was pleased 
with the outcome. While there really 
wasn’t much to do regarding this par- 


The receiver is impressive 
because of its size alone. 
Inexperienced collectors should 
note that there are a number of 
unprotected high voltage 
connections on the top of the 
chassis. 
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ticular repair, it does demonstrate how 
attention to details can make a differ- 
ence. 


Hernry’s attributes 


As Henry is an unusual receiver, I 
will finish off this month’s column by 


describing some of his more interest- 
ing attributes. 

Perhaps the most striking aspect 
about the chassis is its size and the 
choice of components used. In many 
ways, it appears to be over-engineered, 
the power transformers being one such 
example. There are two power trans- 
formers, one mounted above the chas- 
sis, the other below. 

The high tension transformer is on 
top. It has two secondary windings: 
(1) acentre-tapped high voltage wind- 
ing for the type 80 rectifier plates; and 
(2) a low voltage winding for the recti- 
fier filaments. 

A separate filament transformer is 
mounted underneath and supplies the 
remaining six valves. It delivers 2.5V 
and is rated at many amps. As the 
valve heaters collectively draw 8A, 
this transformer is quite large and of 
robust construction, 

There-is also a huge 30H, 85mA 
high tension choke mounted above 
the chassis next to the HT power trans- 
former. These two units weigh quite a 
few kilograms and concentrate a lot of 
weight at one end of the chassis. 

Both power transformers and the 
high tension choke operate at barely 


warm temperatures even after several 
hours operation. Even then, the tem- 
perature increase is mostly due to the 
close proximity of the rectifier and 
output valves. 

The front end valve line-up is: 58 
RF amplifier, 57 autodyne oscillator/ 
mixer and 58 IF amplifier. The gain of 
the two 58s is controlled by AGC. 
There is no AGC applied to the 
frequency converter as the autodyne 
circuit was unsuitable for AGC. The 
IF is 175kHz. 


The 59 pentode 


Mention has already been made re- 
garding the 59’s twin heaters and cath- 
odes. The old 59 has other peculiari- 
ties that are also worth mentioning. 

The 59 has a large 7-pin base which 
is marginally bigger than the standard 
7-pin base of other valves such as the 
6A7 and 6B7. As a result, 59s will not 
fit some valve tester sockets without 
the aid of an adaptor. 

Another oddity of this valve is that 
its suppressor grid has its own base 
pin connection (hence the 7-pin base). 
Other pentodes have six pins, with 
the suppressor internally connected 
to the cathode. 

Some servicemen of yesteryear do 
not speak very highly of the old 59 
valve, claiming that it was weakly con- 
structed, troublesome and inclined to 
go gassy. Personally, I've encountered 
none of these problems. 

(A staff member who was familiar 
with these valves recalls that they were 
prone to what was virtually instant 
destruction in the event that the plate 
voltage was lost - as with an open 
speaker transformer which caused a 
red hot screen. No-one ever reached 
the switch in time!) 

The 59 was in production for only а 
short time and was replaced by the 
2A5. The 2.5V series of valves was, in 
fact, short lived, being superseded by 
6.3V types at about the time Henry 
was built. 


Dangerous voltages 


Perhaps the worst aspect of Henry 
is the unprotected — and potentially 
lethal — high voltage connections 
above the chassis, where one would 
least expect to find them. Inexperi- 
enced collectors/repairers should take 
note of the following. 

Most manufacturers of the era en- 
deavoured tokeep high voltage nasties 
confined underneath the chassis. 
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The front end or RF part of the receiver. The valves inside the shield cans are: 
58 RF amplifier, 57 autodyne mixer and 58 IF amplifier. 


d | : ШЫЛ a 
This large 3-gang tuning capacitor is typical of many early 1930s receivers. 
Miniaturisation had not been thought of then. 


However, this was not always the case, 
as an examination of Henry clearly 
reveals. 

The rectifier socket is mounted 
above the chassis. Its bare external 
connections are within easy reach of 
any careless fingers that may venture 
close enough to touch those high plate 
voltages. 

Similar bare connections (in the 
form of terminals) are to be found on 
the high tension choke. These con- 
nections are easily reached (even when 
the chassis is in its cabinet) and they 
have a DC potential in excess of 300V. 

Finally, another dangerous and po- 


tentially fatal nasty is on the high 
tension power transformer. A bare un- 
used 240V primary connection pro- 
trudes from the transformer cover. It 
seemed prudent to tape over this haz- 
ard. Mains voltages, by reason of their 
low source impedance are by far the 
most dangerous. 

So that's about all there is to report 
on old Henry. He has always been one 
of my favourites and now he's better 
than ever. 

Tn fact, Henry is one of those nice 
old receivers that makes collecting 
vintage radios such an enjoyable 
hobby. sc 
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RADIO CONTROL 


BY BOB YOUNG 


Jet engines in model aircraft; Pt.2 


While the jet-powered model has been like the 
“Holy Grail” to aircraft modellers, there have 
been intractable problems to solve in scaling 
down the jet engine to make it fit into typical 
model aircraft. This month we look at the 
fundamental principles governing the design of 
jet engines for model applications. 


Jet propulsion of a body such as an 
aircraft is quite simply explained. The 
propulsive force is developed in reac- 
tion to the ejection of a high-speed jet 
of gas. In other words, it is action and 
reaction. The action is to squirt a lot of 
gas out at high velocity and the reac- 
tion is that the aircraft zooms off into 
the distance. 


COMPRESSOR BLADES 


COMPRESSOR ROTOR 


DIFFUSER BLADES 


The jet-driven turbine or turbojet, 
consists of four basic parts: compres- 
sor, combustion chambers, turbine and 
propelling nozzles. Fuel is burnt in 
the combustion chamber, after being 
mixed with air coming from the com- 
pressor. The combustion process gen- 
erates expanding gases which spin the 
rotor of the turbine. 


COMBUSTION CHAMBERS 


INJECTOR 
NOZZLE 


The shaft of the turbine is connected 
directly to the axis of the compressor 
so the turbine drives the compressor. 
After passing through the turbine, the 
gas is exhausted to the atmosphere at 
high speed through a nozzle. 

In the propeller-driven turbine or 
turboprop, the turbine not only drives 
the compressor but also drives a nor- 
mal propeller. 

A ramjet engine relies on its own 
forward motion to compress the air 
that enters it. The Turboprop and ram- 
jet have no model equivalents and 
thus will not feature in this series. 

Fig.1 shows the basic layout of a 
typical jet engine. 

The development of jet engines for 
use in models has proven to be a very 
difficult task, largely because of “scale 
effect”. Briefly, there are two separate 


TURBINE 
ROTOR 


EXHAUST 
CONE 


NOZZLE GUIDE 
VANES 


Fig.1: this shows the basic layout of а typical jet engine. Air enters the compressor at left and is mixed with 
fuel which is burnt in the combustion chamber. The expanding waste gases then drive the turbine before 
being exhausted. The turbine is directly connected to the compressor. 


80 SILICON CHIP 


(а) AXIAL COMPRESSOR 


(Ы RADIAL COMPRESSOR 


(c) DIAGONAL COMPRESSOR 


Fig.2: these are the three basic forms of jet engine compressor. Because of its lesser sensitivity to scale effect, the radial 
compressor is most suited for use in jet engines for models. 


problems relating to scale effect. First, 
we have the problem of machining 
tolerances. For example, as the com- 
pressor and turbine are reduced in 
size, the gap between the rotor and its 
housing becomes more significant 
when expressed in terms of a percent- 
age of air leaking past the compressor/ 
turbine relative to the volume flowing 
through the compressor/turbine. Com- 
pounding this are the problems of 
metallurgy and expansion due to heat. 

Second, we have the problem of the 
loss of aerodynamic efficiency as the 
compressor/turbine blades are re- 
duced in size. The engine designer 
would refer to the latter problem as 
“difficulties with Reynolds numbers”. 
In plain English, this simply means 
that as the size of a wing, propeller or 
turbine blade moves closer to the size 
of air molecules, the laws of aero- 
dynamics start to break down. 

Now of all of the modern propul- 
sion units, the jet engine is perhaps 
the most reliant upon aerodynamic 
theory for its successful operation. We 
have all heard that in theory the bum- 
blebee should not be able to fly. Among 
the reasons that aerodynamicists 
would give for this, Reynolds number 
is high on the list. 

Without going too deeply into the 
complex mathematics of Reynolds 
numbers with their strange units 
(slugs), it is sufficient to state for this 
series of articles that the Reynolds 
number is given by the formula: 

В = Density x Velocity x Size/Viscosity. 

The higher the Reynolds number, 


Built by Chris Patterson of Brisbane, this superb 1/7th scale F18 carries the 
colours of 75 squadron of Williamstown, NSW. It is powered by two OS91 


wingspan of 1.82 metres. 


the greater the efficiency. 

Reynolds numbers for full size flight 
vary from about 2,000,000 for small 
slow speed aircraft up to about 
20,000,000 for large high speed air- 
craft. 

Combine this with the fact that lift 
increases with the square ofthe veloc- 
ity and the large high speed aircraft 
becomes very efficient indeed. This is 
largely the reason that a modern jet 
fighter can carry much the same load 
as a World War II bomber 

Thus it is quite clear that as size 
decreases and the velocity falls to 
model speeds, the Reynolds number 


motors driving a Ramtec fan unit. The model has a length of 2.49 metres and a 


falls away rapidly and the efficiency. 
of any aerodynamic device tumbles. 
Bythetime we arrive at turbine blades 
of a size suitable for model engines, 
efficiency is very low indeed. 

Asa result, the design of successful 
turbines for models has centred 
around components which are the 
least sensitive to scale effect. This has 
lead to the almost universal adoption 
of the centrifugal compressor for 
model aircraft jet engines. 

Fig.2 shows the three basic forms of 
jetengine compressor in order of com- 
mon full size usage. Fig.2(a) shows 
the axial compressor, Fig.2(b) shows 
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Fig.3: gap losses increase as the gap between a compressor and its housing are 
increased. These effects are magnified in jet engines for model use. 


the centrifugal (or radial) compressor 
and Fig.2(c) shows the diagonal com- 
pressor. 

Early full size jet engines tended to 
favour the centrifugal compressor for 
a variety of reasons but the resulting 
engine is shorter and greater in dia- 
meter than the axial flow type and 
thus not the ideal shape to fit into a 
slender fuselage or engine nacelle. 

However, for model size engines 
the centrifugal (radial) compressor is 
the ideal choice. Once again we must 
consider scale effect in the choice of 
the compressor. Referring back to Fig 


COMPRESSED AIR 
377° (14°С) 
2 BAR 
р = 187kg/m* 
Ah = 83kJ/kg. 


INLET AIR 
288*K (15°C) 


2, note the gap between the tips of the 
compressor blades and the housing in 
the axial and diagonal compressors. 
No matter how tight the machining 
tolerances, there will always be some 
leakage between the blade tip and the 
housing. 

Fig.3 shows gap losses at various 
gap widths. 

Now look at the situation for the 
centrifugal compressor. By the very 
nature of the design all of the air is 
thrown off the tip into the collector 
(diffuser) ring. True, there will be some 
leakage past the compressor face but 


COMBUSTION GAS EXHAUST GAS 


1053*К (780°C) 923°K (650°C) 
195 BAR 1013 BAR 

р = 0.65kg/m? p = 0.38kg/m? 

Ah = 220/9 Ah = Oki/kg 


с = 250m/s (900km/h) 


that is more than made up for by the 
much larger size (higher Reynolds 
number) of the centrifugal compres- 
sor blades. Also it is possible to curve 
the blades as in Fig.5 or even fit a 
cover plate, reducing leakage losses 
even further. By virtue of these facts 
the model engine designer has almost 
been forced into using the centrifugal 
compressor. 

However, this choice is not as one- 
sided as it would first appear. There 
are other good reasons why a radial 
compressor is a wise choice for a 
model jet engine. As we have already 
noted, the Reynolds numbers are 
higher and the tip losses are less. In 
addition, they are easier to construct, 
are much more robust and therefore 
more reliable in operation. 

Constructing a model size axial com- 
pressor with its rows of tiny compres- 
sor and diffuser blades would be a 
very difficult and tedious task. Then 
there is the problem of anchoring the 
blades solidly enough to withstand 
speeds in excess of 100,000 rpm and 
possible ingestion of foreign matter. 

What must be borne in mind at all 
times is the very high rotation speeds 
encountered in these engines. Shaft 
speeds in excess of 100,000 rpm are 
routine in model size turbines. When 
combined with very high temperatures 
there is a real danger of compressor or 
turbine failure and this must be 
guarded against at all times. Fig.4 
shows the typical operating conditions 
for a model jet engine. 

There is also a more subtle consid- 
eration to the radial compressor and 
we will deal with this shortly. The 
downside of the radial compressor is 


Fig.4: typical operating 
ponis for a model 
jet engine. Note also 
that the engine may be 
rotating at up 100,000 
rpm! 


1013 BAR 
р = 1.255kg/m? 
Ah = OkJ/kg 
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the more rotund appearance of the 
completed motor. It is nowhere near 
as slender as the axial flow engine. 
Notwithstanding this, the final size of 
a successful centrifugal compressor 
type of engine is well within the lim- 
its available in a reasonable size mod- 
ern jet fighter model. 


Automotive turbo chargers 

All that aside, the most important 
factor in the choice of centrifugal com- 
pressors in model engines is the fact 
that turbo superchargers for cars use 
radial compressors which are an ideal 
size for model work. 

Now automotive turbo supercharg- 
ers are very highly developed devices. 
Just what drove the turbo designers to 
radial compressors is not known but 
the preceding considerations probably 


Fig.5: leakage 
effects in a radial 
(centrifugal) 
compressor can be 
minimised by 
various curvatures 
of the blades or by 
fitting a cover 
plate. 


played a large part in the develop- 
ment of these devices. 

Whatever the reasons, the automo- 
tive turbocharger provided a perfect 
jumping off point for early experi- 
menters and radial automotive turbo- 
compressors found their way into 
many an experimental model jet en- 
gine. As supplied, turbocharger com- 
pressors are accurately dynamically 
balanced, avery important point. They 
achieve efficiencies of between 70 and 
80%, depending upon their size; the 
larger the compressor, the higher the 
efficiency. 

The radial compressor can be built 
in many configurations, all with 
widely differing characteristics. First- 
ly, there is the matter of cover plate or 
no cover plate, the former being known 
as an “enclosed wheel” compressor. 
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Fig.6: under certain conditions the airflow from the compressor can collapse, 
ТАГА a lower pressure at the compressor than inside the engine. A reverse 


flow ој 


air begins which continues until the internal pressure falls below that of 


the compressor. This cycling effect can destroy the engine. 


Secondly, there is the matter ofblade 
curvature. Fig.5 shows radial compres- 
sors with various configurations. 
Fig.5(a) shows radial tipped blades, 
Fig.5(b) shows slightly retro-curved 
blades and Fig.5(c) shows an enclosed 
wheel with highly retro-curved blades. 


Throttle response 

Experiments have shown that the 
compressor with retro curved blades 
is more efficient overall than the 
straight blade compressor. However, 
more subtle effects of blade curvature 
are to be found in the very important 
feature of throttle response. In aircraft 
work, it is imperative that throttle re- 
sponse be as close to instantaneous as 
possible. The Me262 was very vulner- 
able during landing and take-off due 
to poor throttle response and allied 
airmen exploited this weakness to the 
full. Kurt Schreckling's FD 3 model 
engine uses a retro angle of 45 degrees 
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and responds to the throttle almost as 
quickly as a well-adjusted piston en- 
gine. 

I could write an entire chapter on 
throttle response, throughput and 
blade curvature as it really is at the 
very heart of the jet engine and it is 
here that we encounter the dreaded 
surge line. The "surge limit" ofa com- 
pressor refers to the tendency to sup- 
ply the working medium cyclically 
instead of constantly. This may sound 
a little innocuous but to the full size 
aviator it is viewed with considerable 
alarm, since the usual result is dam- 
age to the engine which may progress 
to the very serious. 

In model size engines the effects are 
not as dramatic but the compressor 
can still be damaged if the surge limit 
is exceeded. To simplify an exceed- 
ingly difficult subject, compressor 
surge is often the result of mismatched 
components at the design stage, par- 


ticularly too small a turbine which 
restricts the airflow through the en- 
gine. 

Under certain conditions the air- 
flow from the compressor can col- 
lapse, leaving a lower pressure at the 
compressor than inside the engine. A 
reverse flow of air begins which con- 
tinues until the internal pressure falls 
below that of the compressor and the 
compressor begins to deliver air again 
— see Fig.6. 

In a model jet engine, the cycles 
follow on so quickly that all you hear 
is a loud unmistakable growling 
sound. If this occurs, then you need to 
close the throttle immediately for the 
condition will not clear itself and the 
end result is overheating and engine 
damage. 

Once the air leaves the compressor 
it passes through a diffuser which 
straightens the flow and slows the air 
in order to raise the pressure in ac- 
cordance with Bernoulli's Theorem. 
In the streamline flow of an ideal fluid 
— ie, one which is not viscous — the 
sum of the Energy of Position (Poten- 
tial Energy) plus the Energy of Motion 
(Kinetic Energy) plus the Pressure 
Energy will remain constant. 

In other words, the residual speed 
energy of the air is converted into 
pressure energy inside the diffuser. In 
this case the energy of the gas is pro- 
portional to the square of its speed, 
Therefore if we can halve the gas speed 
we have already converted three-quar- 
ters of its energy. 

It is here that the radial tipped com- 
pressor blades vary from the retro 
curved blades. The radial tipped 
blades use the diffuser to raise the 
pressure whereas the retro-curved 
compressor begins the process inside 
the compressor itself. Thus the losses 
are higher in the radial compressor. 

Once the air passes through the dif- 
fuser it enters the combustion cham- 
ber and then the hard part begins. 
Burning the fuel/air mix evenly and 
efficiently, avoiding overly long flames 
which result in localised hot spots on 
the turbine, and preventing raw fuel 
pooling in the engine or running out 
onto the tarmac are all very difficult 
tricks to master. 

A model jet belching a metre-long 
flame may look spectacular but it ain’t 
gonna last long! 

Next month, we'll talk about tam- 
ing the combustion chamber and tur- 
bine. sc 
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Electronic circuit 
breaker 


This circuit is suitable for switch- 
ing resistive loads running from a 12- 
24V DC supply. The circuit will oper- 
ate to disconnect the load at peak cur- 
rents in excess of 40A at 25°C. The 
trip current will be reduced to about 
20A at 125°C. 

When the circuit has tripped, the 
load can be removed to reset the unit 
or the overload can be removed and 
S1 pressed again. 

The circuit works by detecting a 
rising drain source voltage across the 
BUK456-GO. 

At switch-on, no gate voltage is ap- 
plied to the Mosfet Q3 and so no cur- 
rent passes to the load. When switch 
51 is closed, gate current is applied to 
Q3 via a 68kQ resistor. At the same 
time, transistor Q1 is supplied with 
base current via a 100КО resistor, while 


CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Coni 
readers are welcome and will be paid for at standard rates. 


Q2 is held off by the 
10kQ resistor be- 
tween its base and 
оу. 

If the load current 
rises, the drain volt- 
age of Q3 will rise in 
proportion. Once the 
drain voltage rises 
above about 1.2V, Q2 
begins to turn on, 
shunting the gate cur- 
rent away from Q3 
via diode D3. 

As shown, the unit 
is suitable for resis- 
tive loads. If the cir- 
cuit is required to 
switch inductive 
loads, a suitably rated freewheel di- 
ode should be connected (ie, reverse 
biased) across the load. 

If incandescent lamp loads with 
start-up surges of more than 40A are 


likely (eg, 60W halogen lamps), then a 
0.1НЁ capacitor should be connected 
between base and emitter of Q1. 

G. LaRooy, 

Christchurch, NZ. ($30) 


Simple op amp 
hybrid 

This circuit has many practical uses 
where a telephone line needs to be inter- 
faced with some type of audio equip- 
ment. The 600-6000 transformers on the 
transmit and receive lines are only re- 
quired if these lines are to work into 
balanced circuits. Where possible, the 
use of capacitors has been avoided as 
they introduce undesirable phase shifts. 
Any phase shift caused by the two .022uF 
capacitors is corrected by the .0022uF 
capacitor and the null pot VR1. 

The value of the .0022uF capacitor may 
need to be altered, in conjunction with 
adjustment of the null pot, to completely 
eliminate any signal at the receive trans- 
former from reaching the transmit trans- 
former. Both op amps are TLO71 types 
and wiring to the null pot should be with 
screened cable. The circuit is designed to 
run from a split supply of +12V. 

S. Williamson, 

Hamilton, NZ. ($40) 
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Quasi-peak 


detector 


A quasi-peak detector is commonly 
used for the measurement of noise 
pulses in electromagnetic emissions, 
for example, to check the EMC com- 
pliance of appliances. It differs from a 
true peak detector in that its response 
to noise pulses varies as a function of 
the pulse rate. This gives a weighted 
response which reflects the subjec- 
tive effects of EMI which also vary 
with noise pulse rate. 

This circuit was designed to be con- 
nected to the output (envelope detec- 
tor stage) on an RF receiver or a spec- 
trum analyser. The detector was found 
to give close correlation with the cali- 
bration characteristics specified in AS/ 
NZS 1052, which is the Australian/ 
New Zealand standard applying to 
EMI measuring apparatus. 

The features of this circuit include 
good linearity over a wide range 
(-30dB to +6dB relative to ОВ at cen- 
tre scale), combined with high back- 
ground noise immunity. 

Noise pulses from the receiver are 
fed to precision rectifier IC2 which 
produces a positive output voltage in 
response to negative input pulses. This 
charges а 1uF capacitor via a 1kQ 
resistor. The time constants of the 1uF 
capacitor and associated 1kQ and 
330kQ resistors are critical to the cali- 
bration of the detector and may need 
to be adjusted depending upon the 
receiver final IF bandwidth. The val- 
ues shown were chosen for ап IF band- 
width of 15kHz at -6dB. 

To prevent the background noise 
between pulses from creating meas- 
urement errors, comparator IC1 pro- 
duces a high level output in the ab- 
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sence of input noise pulses. This turns 
on FET Q1 which, in turn, effectively 
shorts the output of IC2 to ground. 
When pulses exceeding a threshold 
level set by VR1 arrive at the input, 
ІС1 generates negative gating pulses 
which turn off Q1, removing the effec- 
tive short across the output of IC2. 

VR2 is adjusted to cancel switching 
pulses induced by capacitive coupling 
from the gate of Q1 into IC2. An oscil- 
loscope should be connected to the 
output of IC2 when making this adjust- 
ment. 


Buffer amplifier IC3 is used to drive 
a 1mA meter which, ideally, has a 
logarithmic (dB) scale. Calibration 
consists of applying suitable calibrated 
noise pulses at various pulse rates 
(typically 1Hz to 1kHz) to the receiver 
and adjusting VR3 and УВА for the 
desired output deflection on the me- 
ter. For compliance with the current 
standards, the characteristics of the 
calibration noise pulses are defined 
in AS/NZS 1052. 

H. Nacinovich, 

Gulgong, NSW. ($40) 
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Norton Utilities for Win95; Pt.2 


Norton Utilities for Windows 95 Ver.2 has 
many useful programs and this time we shall 
talk about the Speed Disk utility. This utility 


is used to “defragment” 


the files on your hard 


disc drive. Running Speed Disk regularly 
ensures optimum drive performance and 
greatly decreases the chances of file 


corruption. 


What is file fragmentation"? Frag- 
mentation occurs when files are split 
into smaller segments (or fragments) 
and written to scattered locations on 
the hard disc drive. This means that 
the drive has to work harder in order 


to open and save the affected files. 
Fragmentation occurs as files are 
written to and subsequently deleted 
from the drive. The reason for this is 
that when you delete а file, you create 
a “hole” in the main block of data 


Fig.1: this is the window that appears when you first load Speed Disk. The 
Program scans your hard disc drive first to see if there are any errors. 
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where the files resided. This means 
that any subsequent files that are saved 
can be written to the free space left by 
this hole. Now if the file is larger than 
the hole, then what ever is left over is 
written in the next available hole. 
Adding to this, temporary swap files 
such as used in Windows 95 are con- 
tinually changing size and being writ- 
ten and deleted, This is why there is 
always some fragmentation оп the 
drive. A small amount of fragmenta- 
tion doesn’t cause any problems but if 
left unchecked, the speed and reli- 
ability of the drive will be reduced. 


Speed Disk 

Speed Disk is a powerful hard disc 
reorganisation tool. It works ina simi- 
lar way to Symantec's Defrag, which 
is already installed on most comput- 
ers with DOS. The main difference 
here is that Speed Disk is a lot more 
powerful. 

Before running Speed Disk, it’s im- 
portant to note that you should al- 
ways use Norton’s Disk Doctor to cor- 
Tect any errors on the drive. If you 
don't check for errors before running 
Speed Disk, you run the risk of losing 
files, 

When you load Speed Disk, the pro- 
gram scans the hard drive first - see 
Fig 1. This is just a quick check and is 
similar to Disk Doctor. If problems are 
detected, Speed Disk will inform you 
to run Disk Doctor to correct any er- 
tors. However, this does not happen 
often if you have already run Disk 
Doctor beforehand. 

After the hard drive has been 
scanned, a new dialog box appears 
(Fig.2). This box tells you the percent- 
age of fragmentation. In this case, 8% 
of the drive is fragmented. We can 
now start defragging the drive or quit. 


Optimization Method 


‘32% of Drive C. ie not hagmented 
Recommended Method: 
Ful Dpinizaon 
Є БА Optimization 
Є Uniragment Files Only 


С Untragment Free Space. 


9 Optimize Swap Fie 


Fig.2 (above): this 
dialog box shows 
the amount of file 
fragmentation and 
indicates which of 
three options is 
recommended. 


Fig.3 (lef): the 
Legend dialog box 
lets you change the 
colours on the disc 
map. 


If we choose to go ahead, then there 
are three options: 

(1). Full Optimisation: this reorgan- 
ises the entire drive so that all files are 
at the beginning of the drive and in 
one piece. 

(2). Unfragment Files Only: this col- 
lects any fragmented files and rewrites 
them so that they are not fragmented. 

(3). Unfragment Free Space: this is 
similar to Unfragment Files Only, ex- 
cept that it works with the free space. 
This will leave fragmented files frag- 
mented but will supply you with a 
section of the drive, generally at the 


Fig.4: the Fragmentation Report dialog box shows the 
amount of fragmentation for each file on the hard drive. 


Fig.5 (right): this dialog box lets you choose the optimisation 
method (in this case, Full Optimization) and whether or not 
to optimise the swap file. There are also a couple of security 
options; ie, Verify Writes and Wipe Free Space. 


end, which is clear of any files. 

Finally, there is a check box at the 
bottom labelled Optimize Swap File". 
If you check this box, Speed Disk will 
move the Windows swap file to the 
end ofthe data. This minimises future 
file fragmentation and also speeds up 
the swap file by eliminating the need 
to search for it all over the drive. 

If you now click Start, Speed Disk 
will start to organise the drive. This 
can take quite some time on older 
drives, large drives and extremely frag- 
mented drives. However, if you choose 
Cancel, then you are taken back to the 
main screen (Fig.1). After a few mo- 
ments, the display shows you some 
more detail about the drive, such as 
Swap File location, unmovable file 
locations and so on. 

Clicking the Properties button and 
then clicking Legend from the result- 
ing menu brings up the box shown in 
Fig.3. This box lets you change the 
colours on the disc map but most peo- 
ple will stick to the default settings. 

You can view a fragmentation re- 
port of your data in the Properties 
menu (Fig.4) or you can click Proper- 
ties, Options to bring up the dialog 
box shown in Fig.5. This is where the 
fun begins because you have three 
tabs to click and lots of options to 
choose from. These tabs are Optimi- 
zation, Appearance and Advanced. 
We'll look at each option in turn. 

(1) Optimization: this area gives you 
the same original options as shown in 
Fig.2, as well as two extra options. 
These extra options are Verify Writes 
and Wipe Free Space. 

Verify Writes takes longer because 
itchecks the data after writing it to see 


Options for Speed Disk 


ifit has been written correctly. 

Wipe Free Space does just that — it 
wipes the free space after the data has 
been written. This makes it almost 
impossible to find any files that may 
have been deleted from the remaining 
area. 

Next to the Full Optimisation sec- 
tion is an extra button called Custom- 
ize. This section lets you place par- 
ticular files and folders in certain se- 
quences. You can set up the program 
to place folders or even files first. You 
can place particular folders which are 
rarely used or written to at the begin- 
ning of the drive and folders that are 
continually being written to at the 
end, for example. 

Once you have chosen a particular 
setup and started the process, you can 
get yourself a nice cup of coffee as it 
will take a while the first time. This is 
because most files will have to be 
moved whether they are fragmented 
or not. 

(2) Appearance: clicking the Ap- 
pearance tab brings up the dialog box 
shown in Fig.7. This gives you a cou- 
ple of options for the Disk Map. Here, 
you can have the data appear as Blocks 
or Bars. Click between them to see 
which one you like. You also have the 
option of playing music while the disc 
is defragging — just tick the Play Music 
box and select a WAV or MIDI file 
from the drop-down list. 

Me? - I generally leave the room 
while the disc is defragging and come 
back later. 

(3) Advanced: this area allows you 
to set up Background Operation 
(Fig.8). In this case, defragging will 
start after one minute of idle time and 


FEBRUARY 1998 89 


ize Full Optimization 


Г ея | непа | — ByDate 


Г Move folders to fant 


In айол to placing al the folders at the beginning of the 
dk you may select spectic folders below that wil e placed 
in ront of the other folders. 


oilers to place fist 


Remaining files 
and folders 
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Options for Speed Disk [x] 


‘Optimzation | Appearance | Advanced | 


Disk Map. 


Г Play Music 


Fig.6: clicking the Cutomize button in Fig.5 brings up 
this dialog box which lets you place particular files and 
folders in certain sequences. 


Begin ater [T =] ide minses and [0 =] seconds. 
Г Match communication ports 


Fig.7: clicking the Appearance tab brings up this dialog box. 
Here, you can choose to have the data appear as blocks or as 
bars. You can also play music while the disc is defragging. 


Fig.8 (left): the Advanced tab allows you to set up Defrag to 
run in the background. In this case, defragging will start after 
one minute of idle time. Fig.9 (above) shows the on-screen 
display if you choose to hide the disc map, or you can 
minimise this so that it appears as an icon in the tray on the 
task bar (near the clock 


you can choose to watch the commu- 
nications ports (this will prevent Of The Month 


defrag from starting in the middle of a 


download or if you're using the If you have “Call Waiting" turned on for your telephone it's a good idea to 
mouse). Again it's good to have but I turn it off before logging on to the Internet. That's because the tone that "Call 
rarely use it. Waiting" sends to let you know that another caller is trying to get through can 
If you choose to not use the map be misinterpreted by your modem. In some cases, the modem can even 
you can hide it to just get the box hang up which is quite inconvenient if you're in the middle of downloading а 
shown in Fig.9. This box can then be large file. Alternatively, the signal could corrupt the data that's being 
minimised so that it is just a small downloaded. 
icon near your clock on the task bar. To turn “Call Waiting" off, simply dial #43# and wait for the facility tone (or 
In fact, you would hardly know it was arecorded announcement) before hanging up. You can turn *Call Waiting" 
running since you can carry on with on again after your on-line session by dialling *43#. If you have a recent 
other work. Telstra Touchphone 400, you can turn "Call Waiting" off by pressing the 
This feature is great for administra- ‘Cancel’ and 'Call Wait’ buttons; or on again by pressing the ‘Store’ and ‘Call 
tors of large networks, where you don’t Wait’ buttons. 


want to “scare” the machine's regular 
user by bringing up a large Speed Disk 
box. sc 
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Finally, to speed up your web browsing, turn the graphics and sound 
options off in Internet Explorer and Netscape. 


Colour TV 
pattern shift 


I built the Colour TV Pattern Gen- 
erator described in the June & July 
1997 issues. It worked from switch on 
and it does everything it is supposed 
to do; well, almost. 

The dot pattern comes up symmetri- 
cal in the screen - evenly spaced top/ 
bottom and left/right of the screen. 
The checker board and grid cum cir- 
cle are both displaced slightly to the 
right, say about two thirds of a grid 
square. Any suggestions or do I havea 
ROM programming problem? (R. G., 
Oyster Bay, NSW. 

* The slight displacement of the pat- 
tern is due to a small timing discrep- 
ancy in the line sync signal. In most 
cases, the normal overscanning of the 
TV screen will mask out this small 
shift. It could be fixed in the program- 
ming of the EPROM but can be more 
easily corrected by adding an RC net- 
work to delay the line sync by 1.5и5. 
This involves adding a 4.7kQ resistor 
between the D7 output of IC1 at pin 11 


Intelligent transistor 
tester wanted 


I am writing to suggest two kit 
ideas I think would be useful. The 
first idea is a transistor tester that 
will tell you whether the unknown 
transistor is PNP or NPN and also 
tell you which pin is which (Base, 
Collector and Emitter). 

The second idea is for a dual 
power supply for op amps with 
variable output voltage for both rails 
(say +1.5 to +25V) and one total 
variable current limit (say 0-1A) for 
both rails. I feel that both these 
ideas will be of great benefit to 
hobbyists and professionals alike. 
(В. М., Attadale, WA). 
€ The concept ofa transistor tester 
which can tell you polarity as well 


ASK SILICON CHIP 


Got a technical problem? Can't understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097. 


and the sync input of IC10 at pin 16. 
The pin 16 input of IC10 is bypassed 
to ground with a 270pF capacitor. 

The resistor is best installed instead. 
ofthe link on the PC board, above the 
three 330Q resistors near IC10. Note 
that IC10 has an incorrect pin 1 label- 
ling on the PC board. The position 
shown for pin 1 is actually pin 16. 
The capacitor can connect from pin 
16 to pin 1 of IC10 on the underside of 
the PC board. 

We have had a report of this RC 
time delay causing loss of colour. If 
this happens, you can try a smaller 
value of capacitance instead of 270pF. 
However, our approach would be to 
ignore the slight pattern shift —it’s not 
worth correcting. 


Mega power 
amplifier proposed 

Firstly I would like to commend 
SILICON CHIP for producing the recent 
class A/B 500W power amplifier (Au- 
gust, September, October); it is “just 
what the doctor wanted". I personally 


as the pinouts is a pretty tall order. 
It probably could be done but it 
would require a microprocessor to 
supervise all the permutations of 
lead connections and then make a 
judgement as to which beta reading 
is the correct one. One of our read- 
ers might be interested in coming 
up with a suitable design which we 
could publish. Any takers? 

We have published quite a few 
dual rail power supplies with sin- 
gle current limit over the years but 
all of those have been dual tracking 
types. In other words, both rails are 
varied by the one pot. Is that what 
you are suggesting or do you want 
independent control of both rails? 
We have not designed a pawer sup- 
ply to meet this particular require- 
ment. 


favour bipolar output stage designs if 
you are seeking powerful deep bass. I 
also experienced similar problems 
with Mosfet output stage design amps 
producing a leaner bass and reduced 
power output due to thermal heat 
build up, etc. 

І intend to purchase and build two 
500W modules to drive а 4 x 15-inch 
active sub-bass system and another 
two 500W modules for 4 x 12-inch 
upper bass drivers and additional 
Mosfet amplifiers for mids and highs 
for my insane, fully-active home hifi 
system. 

Before I purchase multiple num- 
bers of the 500W amps, I would ap- 
preciate your help concerning some 
aspects of the design. If I understand 
your design correctly, it will not oper- 
ate efficiently or effectively below a 
4Q speaker load. With two 15-inch 
woofers connected in parallel, I meas- 
ure their total impedance at 3.60 (оп. 
an LCD meter). The impedance is prob- 
ably lowerat various frequencies. How 
may I solve the lower speaker imped- 
ance problem so your 500W amplifier 
will correctly and efficiently drive my 
woofers connected in parallel? 

I intend to use a 2000VA (2kVA) 
toroidal transformer, additional power 
supply capacitors and surge limiters 
and additional 4 x NPN and 4 x PNP 
output stage transistors in each power 
amplifier. Will I have to change the 
value of the current sharing resistors 
incorporated in the output stage de- 
sign? If so, what is the new value of 
the current sharing resistors in the 
output stage? 

IfI remove 024 & 025 and the asso- 
ciated 270Q & 3000 resistors from the 
circuit, will this eliminate your cur- 
rent limiting protection to enable me 
to drive correctly a lower speaker im- 
pedance than 40? 

Due to the enormous 350W RMS 
(8Q) power handling capacity of each 
of my 15-inch drivers, to achieve more 
power I would like to increase the 
power supply rails of the 500W ampli- 
fier from 80V or 90V to 100V and 
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Speed controller 
a source of EMI 


The motor speed controller de- 
scribed in the November issue by 
John Clarke is very interesting and 
a great advance over the old el- 
ementary phase control, albeit at a 
definite increase in cost and com- 
plexity. It struck me immediately 
that it could be a stepping stone to 
the development of a variable fre- 
quency induction motor speed con- 
troller (VFC). But at the moment it 
brings up a number of other points: 

(1) The width of those conduc- 
tors looks rather small for 10 amps. 
If the average current is 10 amps 
then peak values are going to be 
much higher and I am more con- 
cerned since the board is fairly 
closely confined. I would have liked 
to have seen 6mm wide conductors 
for those tracks that are taking full 
tated current. 

(2) I've never come across pub- 
lished specs or advertisements for 
IGBTs, so I wonder if you would 
consider doing a series on them, 
including and especially publish- 
ing manufacturers’ application 
notes. Considering that they have 
already taken over the switching in 
3-phase VFCs, it seems they are 
destined to replace bipolars and 
FETs in most high speed, high cur- 
rent mains voltage switching jobs. 

(3) I don’t want to knock this 
great design from John Clarke but I 
foresee problems with RFI emis- 
sion. The LC filtering on the input 
may block most of it going back 
into the mains but it cannot stop 
radiation from the power cord out 
to the motor. Now it isn’t just the 
1.2КНх switching frequency that 
concerns us, it the dv/dt of the rise 
and fall times of the IGBT. This 
could generate the equivalent of 
frequencies in the Gigahertz range. 

1 wonder whether it would be 
possible to smooth the chopped 
waveform back to a variable ampli- 


appropriately increase the voltage of 
the supply capacitors, etc. Will the 
driver board semiconductors handle 
the increased supply voltages? Will 
this be OK or will I have to use an 
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tude half-wave sine curve before it 
leaves the controller case? In other 
words, reconstitute a smooth curve 
with some sort of LC filter. I'm no 
expert on filters but what about a 
low pass, hi stop filter with a cor- 
ner just below the switching fre- 
quency at about 1kHz? That 
shouldn’t require impossibly large 
values of L and C. Would it be effec- 
tive? (P. D., Orange, NSW). 

@ While the maximum rating of 
the circuit is 10A, the peak cur- 
rents will be no more than would 
be expected with a sinewave input; 
ie, 10A RMS is equivalent to 14A 
peak. When the circuit is set for 
lower than maximum speeds, the 
duty cycle of the circuit is reduced 
but this does not lead to higher 
peak currents, just lower average 
currents. At full speed, the IGBT is 
turned on all the time and so the 
currents are no higher than if the 
motor was connected directly to 
the mains supply. 

Another point to consider is that 
most power tools do not pull their 
rated current for most of the time. 
They only do so at initial startup 
and when under severe loads. For 
most of the time, the current is con- 
siderably less. 

We published an introductory 
article on IGBTs in the August 1996 
issue. We can supply a back issue 
for $7.00 including postage. 

You are correct in stating that 
interference will be radiated from 
the power cord to the motor. How- 
ever, in this case, while it may be 
switching very rapidly, the inter- 
ference produced is a function of 
the risetime of the current pulses 
and this very much depends on the 
motor's inductance, not the circuit 
switching speed. In fact, we have 
found in the past that SCR motor 
speed controllers cause virtually no 
interferenceatallasitis completely 
drowned out by the considerable 
interference generated by the mo- 
tor's brushes and commutator. 


additional discrete power supply for 
the output stage transistors as these 
transistors can handle up to 250V? 
Secondly, I would like to know if 
SILICON CHIP has previously released 


a separate LED digit (not LCD) tem- 
perature/thermometer display module. 
readout so I may continuously moni- 
tor the temperature of the individual 
heatsinks on the amplifier modules. 
(L. D., Albury, NSW. 

ө It is true that we have not rated the 
amplifier for loads below 40 and we 
would not recommend it for use with 
say, 2Q loads because of the likeli- 
hood of exceeding the safe area of 
operation (SOA) of the output transis- 
tors. However, the curved load lines 
on page 27 of the August 1997 issue 
demonstrate a nominal 40 loud- 
speaker with a DC resistance of 2.830 
and an inductive reactance of 2.830, 
(giving a total impedance of 49), While 
not a “worst case” condition this is a 
fairly stringent load. 

By contrast, most 4Q speakers could 
be expected to have a DC resistance of 
about 3Q and their impedance over 
the whole audio range could be ex- 
pected to be well above 40, Even those 
rare speakers that do have an imped- 
ance dip to around 2 or so would not 
necessarily represent a worse load than 
our above test condition. 

According to your measurements, 
your paralleled speakers have a DC 
resistance of 3.60. Therefore, unless 
there is a badly designed crossover 
network to be taken into account, it is 
not possible for your speakers to have 
a lower impedance — the DC resist- 
ance is the absolute minimum. 

We do not recommend any modifi- 
cations to increase the power output 
of this amplifier. It took many months 
of development before we were happy 
with the design as presented and any 
extension of the design would require 
careful evaluation and testing. 

An 8-channel digital thermometer 
was featured in the January 1997 is- 
sue of SILICON CHIP. 


Overload in the 
guitar mixer 


I have just completed another 4- 
Channel Guitar Mixer Preamplifier, 
as published in the January 1992 is- 
sue of SILICON CHIP. The circuit works 
very well with most signal sources I 
have plugged into it, with good clarity 
and punch. However, the first prob- 
lem I have is that when I plug my 
Sony compact disc player into any of 
the inputs, I get distortion on heavy 
sound passages. 

Could this be due to the fact that a 


lot of CD players exceed 2V RMS out- 
put instead of the 1V specified in this 
preamp circuit? Can I modify one of 
the inputs to suit a compact disc player 
as I plan to use it quite often? I also 
plan to dedicate channel 1 & 2 for 
guitar use only and channel 3 to key- 
board. 

The kit] purchased from Dick Smith 
Electronics and varies somewhat from 
your original design. Instead of all the 
inputs being 10КО impedance and 1V 
maximum signal input, they have 
printed a chart and left the inputs up 
to us to decide. They also specify re- 
sistors placed across the input socket. 

My problem is that I have no idea 
what the best input signal and imped- 
ance is required for use with an elec- 
tric guitar. If I plug my guitar into any 
of the inputs with the inputs set in 
your article (10kQ @ 1V), I do not 
seem to have a lot of gain and the 
keyboard and CD player seem to climb 
all over the top of it even with the gain 
control for the guitar up full. 

I was told that if I want the best out 
of my guitar, I need to change the 
input impedance to at least 250kQ or 
even 1MQ and that the input signal 
should be around 30mV to get the 
gain I need. I was also told the input 
should be “high Z". What does this 
mean? What is the ideal input imped- 
ance and signal level for an electric 
guitar to play lead or rhythm? (K. S., 
Morphett Vale, SA). 
€ The 2V output of a standard CD 
player is much too high for the input 
preamplifiers as they stand but this 
can be easily fixed by reducing the 
gain of the respective input. As they 
stand, the gain of each preamplifier is 
19.3 and you would need to reduce 
that to below four to ensure that a CD 
player did not cause overload. To 
achieve this gain, for one input, change 
the 1.2kQ resistor from pin 2 of IC1a 


Making mods to the 
high energy ignition 

Several years ago І installed the 
High Energy Ignition kit (SILICON 
CHIP, May/June 1988) into my car. 
The unit has operated well, al- 
though I have found it to be very 
sensitive to supply voltage drops. 
On several occasions when I have 
had battery/alternator problems 
causing drops to below 12V, the 
unit has failed to operate, even 
though the car would still run with 
the unit bypassed. 

Have you encountered this prob- 
lem before? Could there be a prob- 
lem with my circuit? Are there any 
circuit mods available to make the 
circuit more robust with supply 
variations? 

Also, I was wondering if SILICON 
СНІР has ever developed a project 
or kit for a car exhaust gas oxygen 
(EGO) analyser that is suitable for 
cars running on leaded petrol. I 
have seen kits around elsewhere 
that are limited for use with un- 
leaded petrol only - these sensors 
would be poisoned by lead. There 
are some of us folk who drive older 
cars who would like to make the 
effort to make them run at top effi- 
ciency with minimal emissions. If 


to 7.5kQ ог 8.2КО and change the as- 
sociated 22uF capacitor to 4.7uF. 

As far as your guitar input is con- 
cerned, you may need a little more 
gain and this can be obtained by re- 
ducing the 1.2КО resistor to 6800. We 
would not recommend reducing it fur- 
ther than that. 

The only reason to increase the in- 


WARNING! 


you have not had such a project in 
the past, may I suggest that you 
publish one in the magazine. (T. N., 
Waverley, NSW). 

© The High Energy Ignition sys- 
tem should not be sensitive to bat- 
tery voltage and in fact should work 
quite well down to 9V or below. 
The fact that yours is playing up 
suggests that one of the resistor val- 
ues is higher than it should be or 
one of the transistors is below par. 
It is also possible that you have a 
cold solder joint or a bad supply or 
chassis connection. 

The only other explanation for 
the system being voltage sensitive 
is that your spark plug gaps are 
much bigger than they should be, 
leading to a requirement for higher 
than usual spark voltage. We em- 
phasise that, even if the battery can 
barely crank the engine, the igni- 
tion system should be able to start 
the car. 

We do not know of an EGO sen- 
sor suitable for leaded petrol. Speed 
shops with dynos and exhaust gas 
analysers normally change the sen- 
sors each year because they become 
poisoned with lead. Your best ap- 
proach may be to use an EGO de- 
vice only for tuning instead of for 
continuous readings, 


put impedance of the preamplifier for 
guitars is if the upper treble response 
is being severely curtailed and we 
don't think that's likely. You may in- 
crease the input resistor to 47kQ from 
10kQ if you wish but going above that 
is pointless. 

Z is the symbol for impedance and 
"high Z" means high impedance. SC 
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Seulement SILICON CHIP also disclaims. any liability for projects which are used in such a way as to infringe relevant government regulations 
and by-laws. 
Advertisers are warned that they аге. responsible for the ‘content of all advertisements and that they must conformto the Trade. Practicas л Act1974 
or as subsequently amended апа! to any governmental regulations which are applicable. e 
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CLASSIFIED ADVERTISING RATES 


Advertising rates for this page: Classified ads: $10.00 for up to 12 words plus 50 
cents for each additional word. Display ads (casual rate): $25 per column 
centimetre (Max. 10cm). Closing date: five weeks prior to month of sale. 

To run your classified ad, print it clearly on a separate sheet of paper, fill out the 
form below & send it with your cheque or credit card details to: Silicon Chip 
Classifieds, PO Box 139, Collaroy, NSW 2097. Or fax the details to (02) 9979 
6503. 


Enclosed is my cheque/money order for $ 
О Bankcard Я Visa Card О Master Card 


or please debit my 


Card No. 


Signature Card expiry date / 


Мате 


Street 


Suburb/town Postcode 
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FOR SALE 


C COMPILERS: Everything you need 
to develop C and ASM software for 
68НСО8, 6809, 68HC11, 68HC12, 
68HC16, 8051/52, 8080/85, 8086 or 
8096: $140.00 each. Macro Cross As- 
semblers for these CPUs + 6800/01/ 
03/05 and 6502: $140 for the set. De- 
bug monitors: $70 for 6 CPUs. All 
compilers, XASMs and monitors: $480. 
8051/52 or 80C320 Simulator (fast): 
$70. Disassemblers for 12 CPUs only 
$75. Try the C-FLEA Virtual Machine 
for small CPUs, build а "C-Stamp". 
Demo desk: FREE. All prices + $5 
p&p. Atmel Flash CPU Programmer: 
Handles the 89Cx051, the 89C5x and 
89Sxx series, and the new AVRs in 
both DIP and PLCC44. Also does most 
8-pin EEPROMs. Includes socket for 
serial ISP cable. Price: $189 + $10 
p&p. 20-pin SOIC adaptor only $70. 
Credit cards accepted. 
GRANTRONICS PTY LTD, PO Box 
275, Wentworthville 2145. Ph/Fax (02) 
9631 1236 or Internet: 
http://www.grantronics.com.au 


RTN Parallax Australia distributor. 
Parallax Basic Stamp modules BS1- 
1С, BS2-IC and BS1 chipsets all ex 
stock. Carrier boards for the above 
also stocked. PicBus and StampBus 
modules also available. Guaranteed 
best pricing and technical back up. 
Email: nollet@mail.enternet.com.au 
Http://people.enternet.com.au/~nollet 
Ph/fax (03) 9338 3306 


VALVES NEW AND USED: send 65с 
stamp for comprehensive catalogue 
to Rob Stanford, PO Box 373, Toodyay 
6566. 


MicroZed expect stocks of SX Key 
development kits late February, early 
March 1998. 


HOMEMADE GENERATORS: how to 
instructions. Eight pages free text and 
colour photos on the Internet at: 
http://www.onekw.co.nz/ 


SIMPLE PIC84 PROGRAMMER: vari- 
ous models available. Also PIC-driven 
moving message and digit displays. 
EST Electronics (02) 9789 3616, Fax 
(02) 9718 4762, or 
www.nettrade.com.au/sesame/ 


VIDEO CAMERA MODULES ONLY 
$89! TINY 36 x 36mm CAMERAS 
$99! (see p72 SC Dec) DOME CEIL- 
ING CAMERAS $99! SONY CHIPSET 
400 x 0.05 MODULES $109! COL- 
OUR MODULES $239! (see p49 EA 
Dec) 450 LINE COLOUR MODULES 
$369. Options/Accessories: Lenses 
2.1 - 12mm, MicroFine Focus, Infra- 
Red Cut, Pass & Polarising Filters. 50 
LED 52mm ROUND INFRA-RED or 
SUPER BRIGHT RED Lamp Kits $39! 
Our camera range includes 380-570 
Line Resolution, 0.2-0.05 lux Infra- 
Red sensitive, 1/4" & 1/3" CCD Sen- 
sors from SONY, SHARP & SAM- 
SUNG, 28 x 28 PCBs & Microproc- 
essor Digital Signal Processing 
Colour. WIRELESS VIDEO-AUDIO 
Transmitter & Receiver Module/PCB 
PAIR ONLY $59! Record up to 9 FULL 
FRAME, FULL RESOLUTION IM- 
AGES on any VCR with our MULTI- 
RECORD PROCESSOR. Before you 
buy! Ask for our ILLUSTRATED PRICE 
LIST with Ancillary Equipment & Ap- 
plication Notes. Allthings Sales & 
Services 08 9349 9413 Fax 08 9344 
5905. 


MicroZed's range of easy to use gear 
will soon be available through a store 
near you. 


AHOT SPOT FOR CHEAP PCB SUP- 
PLIES, raw stock, drills etc plus qual- 
ity manufactured boards is located at 
http://www.accsoft.com.au/~acetronics 
or phone 02 9743 9235. 


РОВох314 Blackwood S.A. 
Phiiax 0882703175 


KITS-R-U 


SPECIAL STEAM |" 
BOAT KITS $14 


Printed Circuit Board Manufacture 
48-Hour service + High quality + Low prices 
95 1 offs to any quantity $ 
X Artwork design if required. 
9 5 У Call for obligation free quote... d 
INSTANT PCBs, 

Ph (02) 


RCS. Rano Pry. Lro. | 


651 Forest Rd, Bexley 2207 
makes all the project PCBs 
published in SILICON CHIP 

and other Australian magazines 
Tel +61 2 9587 3491 Fax 9587 5385 
E-mail resradio@cia.com.au 


EDE-300, 8 I/O extra via just 1 pin 
from any Stamp or micro. EDE-700, 
Serial LCD interface IC via 1 pin dis- 
play text on LCD modules ranging 
from 1*8 to 2740 in size. EDE-1200, 
stepper motor controller IC, stand- 
alone or under host control. 

Email: nollet&mail.enternet.com.au 
Http://people.enternet.com.au/~nollet 
Ph/Fax (03) 9338 3306. 


PCBs MADE, ONE OR MANY. Low 
prices, hobbyists welcome. Sesame 
Electronics (02) 9554 9760. 
sesame@nettrade.com.au 


ELECTRONIC ENGINEERING SO- 
LUTIONS: No matter what problem 
what industry we will find you a solu- 
tion that meets your needs. Specialis- 
ing in schematic & PCB design, cus- 
tom Windows based software, embed- 
ded control, Windows/PC based test 
equipment, turnkey solutions. Fast turn 
around with competitive rates. DAMUE 
PTY LTD, 46 Whitby Road, Kings 
Langley NSW 2147. Phone (02) 9624 
2802. Fax (02) 9624 2651 or E-mail 
alovell@ibm.net 


RTN Elab Digital products distribu- 
tor. Basic Stamp add-on products. 


HARD TO GET MODULES & KITS. 
Laser diode module, 650nm, 15mW, 
3V-5V, easy adjustable focus, brass 
case, 31mm long, 10mm diam. 25cm 


boarda? 
Need. prototype РЁ 
PRINTED ELECTRONICS 
12A ARISTOC ROAD 
GLEN WAVERLEY VIC 3150 
Phone: (03) 9545 3722 
Fax: (03) 9545 3561 


MicroZed Computers 
PAR A ЦА X BASICSTAMPS 


EPIC Tools 
Scott Edwards Electronics 
microEngineering Labs & others 
Easy to lear, easy to use, sophisticated 
CPU based controllers & peripherals. 
Available from a store near you SOON. 


РО Box 634, ARMIDALE 2350 (296 Cook's Ва) 
Ph (02) 6772 2777 — may time ош to Mobile 014 036775 
Fax (02 6772 8987 


http://www.microzed.com.au/~microzed 
Most Credit Cards OK 


PRESTON ELECTRONIC COMPONENTS 
Now at 172 HIGH STREET, PRESTON, 
VIC (Corner of Bell and High Streets) 
Phone: (03) 9484 0191 
Specialising in a wide range of: 

TV Antennas - Resistors - Cables - Circuit 
Boards — Capacitors - Sprays - PCB 


Artwork — Instrument Cases - Relays - Kit 
Sets — Semiconductors (all types) — 
Trimpots — Photo Sensitive — Transformers 
— Switches - Alarm/Security Equipment — 
CB Radios & Accessories. 

We are approved resellers for Altronics, 
DSE and RPG Products! 


wires. $140. Same LD module but 
5mW, $40. Kit 113 control 2 unipolar 
steppers to 3A from a PC. All con- 
tained in RS232 D-shell case. $27. Kit 
109 control one unipolar stepper with. 
5804 IC. $27. P/P extra. All compo- 
nents, PCB & software supplied. Soft- 
ware may be аЛ free from our web site 
at http://kitsrus.com 

Email; peter@kitsrus.com 

Fax: (852) 2725 0610 DIY Electronics. 


ELECTRONICS TEST EQUIPMENT: 
oscilloscopes, HP model 1740A 
100MHz $900; BWD 520 50MHz $420; 
Tektronix 434 25MHz storage $690; 
signal generator Rhode & Schwarz 
SMS 0.1-520MHz $1100; function gen- 
erator Tabur Electro 20MHz $620; dig- 
ital multimeter Fluke 8050A $190. Ph/ 


We have the solutions 
We print electronics! 


Four day turnaround, less if urgent 
Artwork from your own positive or file 
Through hole plating 

Prompt postal service 

29 years technical experience 
Inexpensive 

Superb quality 
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14 Model Railway Projects 


MODEL 
RAILWAY 


Our stocks of this book are now lim- 
ited. All we have left are newsagents’ 
returns which means that they may be 
slightly shop soiled or have minor cover 
blemishes. Otherwise, they're undam- 
aged and in good condition. 

SPECIAL CLEARANCE PRICE: 

$3.95 + $3 P&P (Aust. & NZ) 


This book will not be reprinted 


Yes! Please send me ——— copies of 14 Model Railway Projects at the special 
price of $43.95 + ЗАЗ p&p (p&p outside Aust. & NZ $A6). Enclosed is my 
cheque/money order for $A ог please debit my 


О Bankcard О Visa Card © MasterCard 
Card No. | | 


Signature. Card expiry date J. 


* Мате 


PLEASE PRINT 
Street 


Suburb/town Postcode_ 


Send your order to: SILICON CHIP, PO Box 139, Collaroy, NSW 2097; or fax your 
order to (02) 9979 6503; or ring (02) 9979 5644 and quote your credit card 
number (Bankcard, Visa Card or MasterCard). 


Fax 03 9309 3581; mobile 0412 34 


0692. Microprocessor For 


Digital Effects Unit 


This is the 68HC705-C8P рго- 
grammed microprocessor IC for 
the Digital Effects Unit (see Feb. 
1995). 


Price: $45 + $6 p+p 


Payment by cheque, money order 
or credit card to: Silicon Chip Pub- 
lications, PO Box 139 Collaroy 
2097. Phone (02) 9979 5644; Fax | 
(02) 9979 6503. 


DONTRONICS can be found at: 
http://www.dontronics.com 


WANTED 
WANTED TO PHOTOCOPY or pur- 


chase. Circuit diagram or manual for 
Kikusui 555 CRO. (02) 9948 5034. 


WE PAY UP TO $60 for good circuit 
ideas for Circuit Notebook. Send your 
circuit to: Silicon Chip Publications, 
PO Box 139, Collaroy, 2097. 
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PC Boards 
Printed circuit boards for SILICON 
CHIP projects are made by: 


* RCS Radio Pty Ltd, 651 Forest 
Rd, Bexley, NSW 2207. Phone (02) 
9587 3491. 

* Marday Services, PO Box 19-189, 


Avondale, Auckland, NZ. Phone 
(09) 828 5730. 


AUSTRALIA’S BEST AUTO TECH MAGAZINE 


Üt5 a great wag... 
but could you be 
disappointed? 


you could be disappointed. Sure, ZOOM has plenty of outstanding 
pictorials of superb cars, but it's much more than that. 


If you're looking for а magazine just filled with "how to” features, 
you could be disappointed. Sure, ZOOM has probably more "how to” 
features than any other car magazine, but it's much more than that. 


If you're looking for a magazine just filled with technical descriptions 
in layman's language, you could be disappointed. Sure, ZOOM tells it 
in language you can understand . . . but it’s much more than that. 


If you're looking for a magazine just filled with no-punches-pulled 
product comparisons, you could be disappointed . Sure, ZOOM has 


Australia’s best car-related comparisons . . . but it's much more than YN 

that Te) 
TORPPIA cy 

If you're looking for a magazine just filled with car sound that you - сії ЭЖ 


сап afford, you could be disappointed. Sure, ZOOM has car hifi that 
will make your hair stand on end for low $$$$ . . . but it's much more 
than that. 


If you're looking for a magazine just filled with great products, ideas 

and sources for bits and pieces you'd only dreamed about, you could be 
disappointed. Sure, ZOOM has all these . . . but it's much more than 
that. 


But if you're looking for one magazine that has all this and much, much more crammed 
between the covers every issue, there is no way you're going to be disappointed with 
ZOOM. Look for the February/March 1998 issue in your newsagent 


From the publishers of “SILICON CHIP” 


Are your SILICON CHIP copies getting 

damaged or dog-eared just lying around > р 

in a cupboard or оп a shelf? Ж 

Can you find that particular issue you а Же 

need to refer to? 4 

Keep your os safe, secure and 

always available with SILICON CHIP 

binders: they're cheap insurance! 

У Easy to use 

v Economical 

v Each binder holds up to 14 issues, so you 
can also bind in those catalogs you're always 


losing, as well. . . 
v And they look good, too! 


Order by phone or fax from SiLicoN Сні - or use the handy order form inside 


« 


data on a popular transistor, 
LED or op-amp. Maybe the 
s of 4000 or 7400 series ICs. 
ou going to find the data? 


to your SILICON CHIP/Jaycar Giant Data Wallchart. 
formation on selecting the right heatsink, testing 
5, wiring regulators. Plus capacitor marking codes, 
codes, loads of computer information from RAM 
to ASCII codes and computer port pin-outs . . . 
udio connector standards! All this in a glossy, 
ct for hanging in your workshop or study! 


